UNCLASSIFIED

AD NUMBER

ADB079184

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only; Software
Docunentati on; 24 JAN 1994. O her requests
shall be referred to Air Force Aerospace

Medi cal Research Laboratory, ATTN. BBM Wi ght -
Patterson AFB, OH 45433. This docunent contains
export-controll ed techni cal data.

AUTHORITY
ASC/ PAX form dtd 20 Dec 2004

THISPAGE ISUNCLASSIFIED




AFAMRL-TR-83-073
<
(0 &
F={
N
o
(]
‘; MODELING OF WHOLE-BODY RESPONSE TO WINDBLAST
F.E. BUTLER
J.T. FLECK
D.A. DIFRANCO
J & JTECHNOLOGIES INC.
82 HENNING DRIVE TI C
ORCHARD PARK, NY 14127 D
ELECTE
JAN 2 4 1984
\l—{ B___
} -
OCTOBER 1983
: ' 24 JAN B4 SoF7T. Peoc .

Distribution limited to DOD Agencies only,
~solwase. Requests for this document will be made In accordance with AFR 300-8 and must

.
5 be approved by AFAMRL/BBM.

/
SUBJECT TO EXPORT CONTROL LAWS

This document contains information for manutacturing or using munitions of war. Exporting
this information or reieasing it to foreign nationals living in the U.8. without first obtaining an
export license vioiates the international Tratfic in Arms Regulations Under 22 USC 2778, such
violation is punishable by up to 2 years in prison and a fine of $100,000.

D
Q.
S
J
-
iy
AIR FORCE AERQSPACE MEDICAL RESEARCH LABORATORY
‘- AEROSPACE MEDICAL DIVISION
— AIR FORCE SYSTEMS COMMAND
Y

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

84 01 23 034




NOTICES

When US Government drawings, specifications, or other data are used for any purpose other than a
definitely related Government procurement operation, the Government thereby incurs no responsibility
nor any obligation whatsoever, and the fact that the Government may have formulated, furnished, or
in any way supplied the said drawings, specifications, or other data, is not to be regarded by
implication or otherwise, as in any manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

Please do not request copies of this report from Air Force Aerospace Medical Research Laboratory.
Additional copies may be purchased from:

Federal Government agencies and their contractors registered with Defense Technical Information
Center should direct requests for copies of this report to:

Defense Technical Information Center

Cameron Station
Alexandria, Virginia 22314

TECHNICAL REVIEW AND APPROVAL
AFAMRL-TR-83-073

Thia technical report has been reviewed and is approved for publication.
FOR THE COMMANDER

gwe ka

R JAMES C ROCK, LT COL, USAF, BSC

o Associate Director

v Biodynamics & Bioengineering Division
)

-

P et
LU B

g Ty T g gy
L]
.,

»
- %




SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

! READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
[T. REPORT NUMBER 2. GOVT ACCESSION NO., 3 RECIPIENT'S CATALOG NUMBER
APAIRL-TR-354002 BD-4r29 154/,
A. TITLE (and Subtttia) 4 S. TYPE OF REPORT & PERIOD COVERED
MODELING OF WHOLE-BODY RESPONSE Rl ‘Beport
TO WINDBLAST 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(S) 8. CONTRACT OR GRANT NUMBER(s)
F. E. Butler
F33615-80~C~-0511
Je. T. Fleck 2 S
D. A. DiFranco
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
J & J Technologies Inc. AREA & WORK UNI™ NUMBERS
Orchard Park, NY 14127
ll.A§ONATROLLING or;ﬂ:}muf ARNo Aoonzﬁshb 12. REPORT DATE
erospace 1ca esearc oratory OCTOBER 1983
Aerospace Med. Div., AF Systems Command 13. NUMEGER OF PAGES
Wright-Patterson Air Force Base, OH 45433 286
T4, MONITORING AGENCY NAME & ADDRESS(t/ different from Controlitng Office) | 1S. SECURITY CLASS. (ot thie report)
UNCLASSIFIED
15e. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

is. DISTRIBUTION STATEMENT (of this Report) SOFf Pcc’ "

DISTRIBUTION LIMITED TO DOD AGENCIES ONLY. REQUESTS FOR THIS DOCUMENT WILL BE
. MADE IN ACCORDANCE WITH AFR 300-6 AND MUST BE APPROVED BY AFAMRL/BBM.

SUBJECT TO EXPORT CONTROL LAWS. 24 JAN m

AFAMRL CONTACT: Capt Thomas Gardner, AFAMRL/BBM, Tel: 513/255-5963

™"
7

M CISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Previous development of the ATB Model was sponsored by the AF Aerospace
Medical Research Laboratory. The development of the closely related Crash
Victim Simulator (CVS) program was sponsored by the National Highway Traffic
Safety Administration and the Motor Vehicle Manufacturers Association.

19. KEY WORDS (Continue on reverse side tf necessary and identtly by btock number)

MODELING OF WHOLE-BODY RESPONSE TO WINDBLAST, COMPUTER SIMULATION, HUMAN
RESTRAINT SYSTEMS, THREE-DIMENSION DYNAMICS, AERODYNAMIC FORCES, MATHEMATICAL
MODEL, WINDBLAST, CRASH VICTIM SIMULATION, EJECTION SEATS, WIND TUNNEL
TESTING, ESCAPE SYSTEMS

K\ur ACT (Centtnue on reveree side il nececsary and tdenttfy by dlock number)

{The Articulated Total Body (ATB) Model was modified for improved modeling
of the biomechanics of the man/seat ejection problem. The new ATB-IIIA
version of the model incorporates whole-body wind tunnel data to model
vindblast, an improved algorithm to simulate the ACES-II STAPAC assembly, and
calculates the location of the instantaneous center-of-mass for either the man
or the man/seat systes. -

(Continued on reverse.)

DD ':2:';’ “73 EDITION OF Y NOV 65 1S OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

a s B e s o . . -




TRE TERERE ISRt o T VARt A G SRR e TS S S F S P LMD, 7 0 s T A S A A A A Y D T 0% T TR T

f TeTe Te e s e & AVEVEe Ve TeTa TaY oY e NS 0

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT (continued):

i
}- "-AThe enhanced ATB Model provides for the modeling of the ACES-II ejection

sequence from initiation of ejection to man/seat separation. The data for
several ejection simulations are provided and discussed in detail. An
extensive literature search was conducted in the area of ejection, windblast
response and restraint systems. A summary of pertinent reports and available
wind tunnel data is provided, as well as recommendations for future wind
tunnel testing to correct for deficiencies in currently available serodynamic
data. -

SECURITY CLASSIFICATION OF THIS PAGE’When Date Entered)




PREFACE

This report describes the results of a study of the modeling of windblast
response as 1t relates to limb flall injurles occuring during high speed
ejection from aircraft. Particular emphasis was placed on determining the
nececsary modifications of the Articulated Total Body (ATB) Model so that

it can be used to evaluate the performance of various windblast protective
devices.

The research effort summarized in this report was performed for the Air
Force Aerospuce Medical Research Laboratory under Contract No. F33615-
80-C-0511. Dr. John T. Fleck and Frank E. Butler of J&J Technologies Inc.
developed the algorithms and the computer software required and Dante A.

DiFranco of DiFranco Associates was responsible for the aerodynamic stiudles
required.

The authors wish to acknowledge the suggestions and guidance provided
by Dr. Ints Kaleps and Lt. Thomas R. Gardner of the Alr Force Aerospace
Medical Research Laboratory during the analytical and software development

of thils research effort. Lt. Thomas R. Gardner was the AFAMRL technical
monitor on this contract.
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1.0 INTRODUCTION

The Articulated Total Body (ATB) Model used at the Air Force Aerospace
Medical Research Laboratory, Modeling and Analysis Branch, has been
particularly effective for predicting gross human body response in various
dynamic environments. The objective of this research effort is to fully
exploit this model's capability by developing comprehensive model inputs
defining the ejection aerodynamic environment, recommending ATB Model
modifications to optimize aerodynamic respcnse modeling capabilities and to
demonstrate the model's effectiveness for modeling the various physical

phenomena associated with combined ejection and windblast exposures.

To this end, an extensive literature search was performed to assess the
availability of information on aircraft ejections and response to windbiast
forces. The findings of this search are reported in Section 2 of this report
along with recommendations for further testing and data analysis.

In order to assess the modeling capabilities of ATB program temporary
modifications were made to the ATB Model to simulate the drogue chute, the
STAPAC (pitch rate correeting subsystem) and to introduce experimentally
obtained aerodynamic data. These modification= aud the results of several
test runs are presented in Section 3.

Section 4 describes the permanent improvements to the ATB Model which
were developed under this contract. These improvements are: an algorithm
to eliminate drift in the joints, an algorithm to automatically relocate
Harness points, and the computation of various instantaneous dynamic global
quantities relating to the sets of segments used to simulate the man-seat
(or other) systems.

Section 5 proposes an algorithm that may be used to compute maximum
stresses in long-bone segments such as found in the limbs. This algorithm
should be useful in assessing various injury potentials by means of simula-
tions.
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Appendices A and B contain the input and output listings of the computer
test runs presented in Section 3. The Input Description of the Articulated
Total Body (ATB-IIIA) Model is presented in Appendix C. Appendix D presents
the program modifications and the descriptions of the new subroutines which
were created during this research effort. Appendix E presents the listing
of the Fortran IV Source Decks of the ATB-IIIA Model which were developed.

Throughout this report it is assumed that the reader is familar with
the ATB Model. If the reader wishes a comprehensive description of the model
he should refer to References 31, 34, and 35.

PR N o GO S P

arTs"2%s

TR

O Sl i 4 2 A% s

a® HFN_ 8, v, N,

, -

a'a’'se MNP 2SS

£ _e_

Y 'HEN V. 7 4 -




2.0 MODELING OF THE EJECTION SEQUENCE
2.1 LITERATURE SEARCH AND REVIEW OF EJECTION SEAT DATA

At contract initiation, a literature search was conducted of the
available reports and unpublished data on aircraft ejections and the windblast
response of the pilot-seat combination during ejection. Some of these reports
sarved primarily as background information on ejections, escape systems, and
escape problems. Of particular interest was the data available on the
aerodynamic environment during ejection, how this environment is related to
pilot flail injuries and the possible ways in which this aerodynamic
environment can be modeled for inclusion in the Articulated Total Body (ATB)
computer model. Incorporation of these data into the ATB Model will make
it possible to study the dynamics of ejection 1nder more realistic conditions,
including limb restraints and limited 1limb motions. An adequate assessment
of ejection dynemics and flail injuries requires an adequate assessment of
the limits on limb forces and torques. Information available on the physical
properties of the human body, ejection seats, seat recovery systems and
subsystems, and advanced restraint systems was also considered important
dbring this preliminary assessment. Finally, data available on simulated
tests of ejections, including any existing computer programs, were also
considered an important part of this review.

Computer searches and printed abstracts were utilized in conducting this
review. The bibliography of Reference 1 was found to be very useful.

2.1.1 BACKGROUND INFORMATION

Reference 2 is a collection of papers presented at an AGARD meeting held
in Toronto, Canada on May 6, 1975. The specific problems of windblast are
considered in some detail in these procevedings by people from 5 nations.
It is amply demonstrated statistically that the probability of windblast
injuries can rise to 40 percent or more during high speed, high dynamic
pressure ejections. Some of the papers discuss the injury mechanism and
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conclude that injuries are caused by excessive relative motion of the limhs
with respect to the body or ejection seat. These relative motions are related
to the differences in the ratio of aerodynamic forces to the mass or inertia
of the 1limbs when compared to similar ratios for the body torso or the overall
ejection seat. Some of the papers indicate that restraining limb motions
and stabilizing the ejection seat will relieve the problem of windblast injury
considerably. It is also indicated that helmet loss and head injuries are
associated with aerodynamic pressures on the helmet.

Th2 incidence of non-combat windblast injuries in the period 1964-1970
are analyzed and discussed in some detail in Reference 3. USAF experience
is found to agree with British experience. Curves are derived from
statistical analysis that indicate that at U400 KEAS (knots equivalent
airspeed, 1.e. airspeed at sea level in a standard atmosphere) the probability
of injury from an ejection is 10 percent. The probability of injury rises
to 50 percent and 90 percent at 500 and 600 KEAS respectively.

The basic mechanisms of limd flail injuries, when the limbs become
dislodged, are discussed in Reference 4, Also discussed are the loads that
can cause limb dislodgment. Simple concepts and dynamic models are presented
to explain the process of limb dislodgment and flail injuries. The "Tractor
Rocket Egress System", as an alternative means of egress, is also presented
and discussed. Low speed wind tunnel measurements of body segment forces,
using live human subjects, are presented for the symmetrical case of zero

yaw and pitch and for simulated tractor rocket egress conditions,

Tractor escape systems and the problems associated with such systems
are further discussed in Reference 5. A simple theoretical analysis is made
of the dynamic motion of the crew member as he is pulled by the extraction
pendant. Included in the analysis are the aerodynamic forces on the crew
member and the pendant. The possible advantages of a "tallistic®™ extractor
as opposed to a rocket extractor are also discussed. Also presented are
limited wind tunnel measurements of crew member forces during simulated

extraction from the cockpit of an aircraft.




Reference 6 discusses a number of advanced concepts of protective
restraint systems for alrcrew members. These systems are especlially
applicable to escape at very high speeds with high multiaxial acceleration.
These systems include such concepts as articulated ejection seats, inflatable
restraints, and even a spherical capsule enclosure.

A preliminary study of the dynamics of ejection and its relationship
to flail injuries under this contract must of necessity be limited because
of the complexity of the problems and the lack of adequate data. It will
be confined to fairly conventional ejection seats, such as the ACES II, and
conventional restraint systems such as sliding belts and harnesses.

2,2 AVAILABLE DATA AND DATA REVIEW

2.2.1 WINDTUNNEL REFERENCES

An adequate assessment of the dynamics of ejections and the resulting
limb forces and joint torques must of necessity be based on an adequate
knowledge of the aerodynamic forces and moments on both the man/seat and the
limbs of the seat occupant.

Reference 7 collects and correlates the scattered and limited aerodynamic
data available on the human body. Unfortunately, the experimental aerodynamic
data available at the time Reference 7 was written is essentially low speed
data on the body alone in three positions (supine, sitting, and standing).
These results indicate that significant differences can exist between clothed
and naked subjects. Reasonable correlation of the data is possible based
on "force area" and "moment volume" coefficients. "Force area" and "moment
volume®™ coefficients are obtained by dividing forces and moments by the
free-stream dynamic pressure. Changes in subject size and shape are
correlated based on the assumption that the aerodynamic "force area" and
"moment volume" is proportional to WL and LWL respectively. W is the
Subject weight and L is the subject height. Data is presented and correlated
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for the three static force and the three static moment coefficients through
a range of yaw angles from O to 180 degrees for the three subject positions.
The data is of limited usefulness since it does not consider the subject
seated in an ejection seat. In addition, the data does not include angle
of attack and mach number as important variables.

Reference 8 presents wind tunnel measurements on stability and limdb
dislodgment forces with the F-105 and ACES~II ejection seats. Both seats
are shown to be unstable and generally out of trim both with and without an
occupant. It is shown that the seat can be made stable when equipped with
stabilizing surfaces. Forces on both arms and legs were measured over a range
of speeds, for various subjects, through a limited range of pitch and yaw
angles. The limb forces varied from one individual to another and also with
appurtenances attached to the limbs., The appurtenances reduced the limb
forces under some conditions and made them worse under other conditions.
The test results also indicate that powerful lift forces can develop on
helmets due to the aerodynamic pressures and that these forces can result
in helmet loss or neck injuries if the retention strap is strong enough to
resist the loss. The results are presented in the form of both "force area"
and "moment volume™ coefficients for pitch angles from -15 to +15 degrees
and yaw angles of 0 to -30 degrees. A limited amount of data at zero pitch
is also presented for yaw angles up to 180 degrees. Generally, hand and foot
forces on the ACES=-II seat are greater than those on the F-105 seat.
Dislodgment forces are sufficieatly high to result in limb dislodgment and
flail at high speeds. Again, the angles of attack, angles of yaw, and mach
number range of these test data are quite limited.

Reference 9 extends the wind-tunnel data of Reference B to a larger range
of combined pitch (-15 to 60 degrees) and yaw angles (0 to 180 degrees) with
human subjects and anthropomorphic dummies. Instrumented hand and foot rests
were used to measure limb dislodgment forces. The tests results indicate
that the dislodgment forces are reduced as the pitch angle of the model in
the tunnel is increased. These data also indicate that over large ranges
of pitch and yaw angles the ACES=1I seat/occupant combination is unstable.

10




In the tunnel tests of Reference 10 the 1ift component of the hands and
feet dislodgment forces and the force between the occupant and seat are
measured for a range of pitch and yaw angles. Hand 1ift forces decrease and
feet 1ift forces increase with an increase in pitch angle up to 60 degrees.
A large part (80 percent) of the drag force of the man/seat combination acts
on the man at small pitch angles.

Reference 13 extends the wind tunnel testing of Reference 8 thru 10 to
asymmetric configurations with an anthropometric dummy in an ACES II ejection
seat. The asymmetrics considered are the occupant shifted to one side,
asymmetric positions of the right and left hand and configurations with ar-:
and legs in flailing positions.

Reference 11U presents some preliminary wind tunnel test results using
a 1/2 scale model of a crewman in an ACES-II ejection seat. These tests were
run up to mach numbers of 1.4, pitch angles up to +30 degrees, and yaw
angles from 0 to 30 degrees. In these tests the limbs were instrumented to
measure bending moments at two stations on each lower leg, thigh, forearm,
znd upper arm. Bending moments were measured in two directions, both in and
out of the plane of the limb. Reference 14 was published primarily as a
preliminary or interim analysis report for the purpose of assessing the
structural integrity of the wind tunnel model because of the failure of the
neck member during testing. Unfortunately, the data presented are in raw
form in terms of forces in pounds and moments in inch-pounds. No attempt
is made to reduce these data to "coefficient form"™ and to correlate and
analyze the data in any detail. In these tests the forebody and cockpit of
the F-16 airplane were simulated, including various positions of the ejection
seat with respect to the forebody.

One of the most thorough collections of aerodynamic test data on ejection
seats with crewmen is presented in Reference 15. These data are based on
wind tunnel tests conducted on a full scale F-101 ejection seat and a half
scale F-106 ejection seat. Aerodynamic data were obtained at mach numbers
from 0.2 to 0.8 and 0.6 to 1.5 for the full scale and half scale models,
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respectively. Angle of attack varied from 0 to 360 degrees for the half scale
model and -U45 to +90 degrees for the full scale model. Yaw angles varied
from 0 to U5 degreec. Catapult rocket plume effects on seat aerodynamics
was simulated in the half-scale tests using compressed air. From these tests
it is possible to obtain both rocket on and off aerodynamic data. Complete
static force and moment coefficient data, three force and three moment

coefficients, are presented in tabular form.

Comparision of these data with other model test data appears to substan-
tiate the conclusion that seat and crewman size and shape has no significant
effect on the coefficients if they are based on the projected frontal area
of the seat with occupant, the seat hydraulic diameter, the free stream
dynamic pressure, and an axis system with its origin at a common seat
reference point (SRP). The hydraulic diameter or seat reference length is
the diameter of a circle whose area is equivalent to the projected frontal
area. The SRP is located at the base of compressed seat back in the plane
of symmetry of the seat. The axes system is the standard body axes system
with X-axis perpendicular to the compressed seat back with its origin at the
SRP. The axes system Z-axis is in the plane of symmetry. Force and moment
data with respect to an axes system with the origin at the man/seat C.G. is
obtained by a simple transfer from the axes system through the SRP.

The data of Reference 15 indicates the effects of the rocket plume on
aerodynamic coefficients are a function of altitude because of the effect
of altitude on rocket plume expansion. Force and moment coefficients are
also a function of mach number, angle of attack, and angle of sideslip.
Changes in the crewman hand positions also affect seat aerodynamics.

These aerodynamic data have been used by the Crew Escape and Subsystems
Branch, Vehicle Equipment Division of the Flight Dynamics Laboratory to
conduct computer simulations of six degrees of freedom dynamic motions of
cockpit seat ejections with an occupant (Reference 32). These simulations

have been made using the SAFEST computer program.
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The tabulated aerodynamic data of Reference 15 are available on tape
and are the primary source of man/seat aerodynamic data for the modified ATB

computer Model used in a study of ejection dynamics in this research effort.

Statistical information on head injuries and the efficacy of helmets
is contained in Reference 16. It is concluded that shoulder harnesses and
lap belts are most important in preventing head injuries and that helmets
reduce the severity of head injuries, Another conclusion is that the loss

rate of flight helmets increases with airspeed and is due to the aerodynamic
pressure on the outside of the helmet.

The results of wind tunnel tests on flight helmets are presented and
discussed in Reference 17. These tests were run with volunteer subjects in
an ACES~II seat. In these tests the dynamic pressure varied from 10 to 50
lbs per sq.ft., the pitch angle varied from -2 to 73 degrees, and the yaw
varied from 0 to 30 degrees. The conclusions that can be drawn from these
tests is that large upward and side forces can be developed on a helmet in
combined pitch and yaw. These forces can be of the order of 500 lbs or larger

at 600 KEAS. A spoiler on a helmet reduces the upward pressure force signif-
icantly.

Reference 26 is a preliminary, unpublished "Data Package" on ejection
crewman wind tunnel tests conducted at AEDC. This package contains test data
on a crewman. The test package contains total force and moment coefficient
data for the seat with occupant as well as crewman helmet forces. Component
force and moment data are presented on the upper arm, lower arm, upper leg,
and lower leg. These particular test results were obtained without an air-
plane forebody. Test mach numbers varied from 0.20 to 1.4. The yaw angles
varied from 0 to 30 degrees and the pitch angles varied from -30 to +30
cegrees. In its present form these data are of limited usefulness since they
are preliminary, undocumented, and the limb force data are in unreduced form.
The data may be useful in assessing limb forces during ejection when properly
reduced, correlated, and documented,
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Reference 27 is a preliminary draft of an unpublished report on wind-
tunnel tests of a 1/2-scale man/seat model. These tests were conducted on
the man/seat in proximity to an F-16 forebody as well as on the man/seat
alone. Some analysis of the data is presented. Based on the data, mathe-
matical models have been established for the aerodynamic forces acting on
the total man/seat, the crew-member's limbs, and the helmet. The mathematical
models appear to be based on a Taylor's series expansion in terms of variables
such as seat ejection position, angle of attack, angle of yaw, and mach
number. In some mathematical models some variables are fixed and the order
and number of terms retained varies from model to model. Both force area
and moment volume coefficients are fitted. How the data fit to the models
and the rationale used for dropping particular terms is not explained.
Success in performing fits of the mathematical models to the data is mired.
A least-squares fit of force and moment data to a Taylor's series e ~ansion
in the important variables does appear to be an approach with promise. Such
mathematical models can then be incorporated in the ATB Model computer program
to assess limb forces and moments during ejection.

Reference 28 is an annex to Reference 27 and consists of complete plots
of the experimental data. Force and moment data, integrated limb forces,
helmet forces, and pressure data are plotted. Plots are presented for the
configurations man only, basic model, basic model and windshield, and basic
model with flow diverter,

2.2.2 SLED-TRACK REFERENCES

Reference 29 is a presentation of tabulated and plotted data of an actual
ejection seat test with a 95 percentile dummy (95% of the population weigh
88 much as this dummy or less) using an F-15 forebody model with an ACES-II
Seat at an ejection speed of Ui5 KEAS. Seat and dummy linear accelerations
and roll, pitch, and yaw rates are tabulated and plotted. No text or
explanation and analysis of the test results is presented.
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2.2.3 MATHEMATICAL MODELS AND SIMULATIONS

POTENTIAL FLOW MODELING

Reference 11 and 12 are interesting theoretical investigations of 1limb

forces using potential flow theory. The forearm was selected for this
preliminary investigation. To account for viscous effects and flow separation
which results in drag forces, Reference 12 suggests that the potential flow
of a vortex pair which results from the flow separation in the wake region
of the 1imb be combined with the potential flow due to the cross flow. The
goal of these investigations is the development of a mathematical model for
limb aerodynamic forces which can be incorporated in AFAMRL's Articulated
Total Body (ATB) computer Model for the purpose of assessing the kinematics
of body limb motions and the ejection conditions which can result in flail
injuries. Unfortunately, viscous effects, separated flow, and flow
interference effects between body members and the seat are very complex and
an adequate model using this idealized potential flow approach seems out of
reach. This is especially the case for a highly three dimensional object
such as a pilot/seat where relative motion between limb members is permitted.

SAFEST PROGRAM

Reference 32 compares data from an ejection seat track test to the

results obtained using a six-degree-of-freedom computer program. In the

computer, Seat subsystems are modeled through computer subroutines.
Aerodynamic forces and moments are important components of the total forces
and moments acting on the man/seat during ejections. Time histories of the
computer response variables are compared to track test results. The SAFEST
computer program was used in the simulation. The observed linear acceleration
trends compare reasonably well with the test data but the angular rate
comparisons are generally poor. This program considers the man/seat to be
a rigid body and does not consider limb motions or forces during ejection.

The SAFEST Computer program contains 115 subroutines which account for various
aspects of ejection dynamics.

15
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EASIEST PROGRAM

Reference 33 is essentially a user manual for the EASIEST computer pro-

i gram, The EASIEST computer program combines the SAFEST program subroutines
on ejection seat analysis with Boeing's EASY program for linear and nonlinear
analysis of system dynamics. Reference 33 describes in some detail various
aspects of the EASIEST program. Section IV and Appendices G and H describe
in some detail EASIEST STANDARD components and subroutines. Appendix D
presents EASIEST input/output lists. Also included in Appendix D are Figures
which describe many of the ejection seat standard components simulated during
an ejection such as aerodynamic plates, aerodynamic forces and torques,
catapult forces and torques, drag and recovery parachute forces, forces and
torques on the seat from the STAPAC and the sustainer rocket, ete.

ATB PROGRAM

Reference 31 describes the ATB-II Model. Some of the features of this
model sre a harness belt system, rate dependent force producing functions,
and arbitrary specification of the motion of multiple segments. These
refinements are the basis for the further developments of the ATB Model as
presented and discussed elsewhere in the present report.
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2.2.4 ADDITIONAL TYPES OF DATA FOR EJECTION SEAT MODELING

LIMITS ON LIMB FORCES AND TORQUES

A knowledge of the limits on limb forces and torques and adequate bio-
mechanical models of limb joints are important when assessing potential limb

injuries during ejection using the ATB Model.

Reference 18 is a statistical study of grip retention forces for "twin
grip® handles and "ring" types such as the D-ring. It is interesting to note
that grip retention forces are based on the "probability of letting go".
For any given grip force the probability of letting go is a function of the
nagniﬁude of the force, its time of duration, and the class or type of grip.
Smaller grip forces, shorter duration times, and "twin grips" all result in
smaller probabilities of letting go. If grip retention forces are exceeded
due to windblast forces on the arms, then the hands will be pulled off the

grip and the arms will flail.

Reference 19 is an investigation of knee flail design limits through
a study of the composition, structure, and mechanical properties of knee
ligaments. The results of this study are used to establish design criteria
for the prevention of torsional injuries to knees during ejection. Design
limits in the form of angles and torques for the onset of failure are
established.

Reference 20 describes a research program formulated and developed to
collect data on the resistive forces, moments, and torques of major human
joints such the shoulder, knee, hip, elbow, and ankle. This research was
conducted on live human subjects, with obvious limitations, using experimental
apparatus especially designed for this purpose. Also involved in the research
Wwas a review of joint models and theoretical research as well as the
presentation of experimental numerical results. The purpose of this study
was to provide reasonable biomechanic models and numerical data of articulated
Joints that can be used in the ATB Model for a better assessment of joint

17
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injuries during ejection.

RESTRAINT SYSTEMS

Reference 30 defines 6 possible candidates for an ejection seat restraint
system and proposes a program for refinement, evaluation, and final selection
of one of the proposed candidates. These candidates are based on design
requirements for restraint systems developed from criteria for constraints
for the system. The requirements are ranked and significant interactions,
especiélly negative interactions, are used to identify the trade-offs required
in a!successful design. A review of previous restraints and injury mechanisms
are also important considerations for selecting the 6 candidate protection

systems, It should be possible to evaluate these protection systems using
the ATB Model.

OTHER PHYSICAL PROPERTIES

A knowleage of the physical properties of ejection seats and their
occupants is essential for a proper evaluation of ejection dynamics. This
preliminary study of ejection dynamics using the ATB Model will concentrate
on the ACES II ejection seat. A knowledge of the physical properties of the
ACES II seat and its subsystems is therefore an important component in this
releaéch effort.

If an ejection seat occupant is to be studied and modeled as part of
the total physical system in some way, then information on the physical
properties of body segments can be useful. Reference 21 is an investigation
of the weight, volume, and center of mass of body segments determined using
13 male cadavers. Reference 21 establishes the relationships between size,
weight, and volume of body segments. These results become the basis for
estizating these parameters for living subjects.

Reference 22 is an extensive investigation of static center of gravity
and inertia properties of ejection seats with an occupant. Experimental
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results on these properties were obtained using the AFFDL Center of Gravity/
Inertia Meter. Approximately 150 runs were made with 32 human subjects and
5th, 50th, and 95th percentile dummmies using F-84, F-100, F-105, F-106, and
F-U ejection seats. The effects of various seat configuration changes on
the center of gravity and inertia properties were also investigated.
Estimates of the center of gravity and the inertia properties of the ACES-II
seat with various percentile occupants are based on the tabulated data of

Reference 22.

Reference 23 is a general description of the operation of the Advanced
Concept Ejection Seat (ACES) which is produced by the McDonnel Douglas
Corporation. This report was helpful in understanding the various modes of
operation of the seat, the time sequence of events during ejection, and how
the various seat subsystems work., Of special interest for this research
effort are details on the operation of the seat sustainer rocket, pitch
control (STAPAC), and drogue parachute subsystems.

Reference 24 contains a detailed description of the ACES-II seat
deveiopment and qualification testing. It is a useful source of descriptive
information as well as actual numerical test results obtained during
qualification testing. 3ome of the information in Reference 24 was useful
in formulating mathematical models for the ACES~II subsystems.

Reference 25 contains a great deal of information on parachutes and other
recovery systems. It was an especially useful source of information on the
Hemisflo drogue chute which is part of the ACES=~II ejection seat recovery
system. It is possible to obtain information on chute drag coefficients and
opening load factors from Reference 25. It is also a source of detailed
information on how to evaluate chute deployment times and forces such as
snatch forces, chute inflation or filling times, opening load factors, and
chute steady-state loads.
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2.2.5 SUMMARY OF AVAILABLE DATA

A summary of the aerodynamic test data that is presently available on
ejection seats and occupants is presented in tabular form in Table 1 that
follows. This table is divided into 4 parts: Part(a) presents the physical
configuration of the tests, Part(b) shows the test variables and the ranges
of these variables, Part(e) lists the static forces and moments measured,
and Part(d) indicates the body segment forces, moments, and the joint torques
that were measured, if any. Also shown in the table are the references in
which specific data appear. Not all references are listed. Many did not
contain specific or significant aerodynamic data that are applicable to
ejection seat aerodynamic modeling. A few clarifying comments on test
conditions and test data presented in the references are listed in Part(e)
of Table 1, the comment section.

It is difficult to summarize the effects and sensitivity of many of the
variables evaluated in the testing such as appurtenances, yaw, pitch, mach
number, clothing, aircraft forebody, asymmetry, rocket plume, etc. Specific
effects of one variable are often dependent on the specific conditions of
other variables. It will suffice to say that under the many and variable
conditions of ejection many of these variables are important and their effects
are very interdependent. One must refer to the specific references for
further details.
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TABLE 1 - AERODYNAMIC TEST DATA SUMMARY

(a) PHYSICAL CONFIGURATIONS OF TESTS

Ref.|{Scale{Ejection|SubjectClothing|Aircraft! Seat | Seat |Appurte-
Seat Forebody Restraint Asymmetry nances
y Full Yes/No Human Yes/No No Yes No Yes
5 Full Yes/No Human Yes Yes/No Yes No No
7 Full Mo Human Yes/No No No No No
8 Full Yes Human Yes No Yes No Yes
9 Full Yes Human/ Yes No Yes No No
Dummy

10 Full Yes Human Yes No Yes No No
13 Full Yes Dummy Yes No Yes Yes No
14 172 Yes Dummy No Yes No No No
15 Full Yes Dummy Yes No Yes No No

172 Yes Dummy No No No No No
17 Full Yes Dummy Yes No Yes No Yes
26 172 Yes Dummy No No No No No
27 172 Yes Dummy No Yes/No No No No
28 172 Yes Dummy No Yes/No No No No
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TABLE 1 - AERODYNAMIC TEST DATA SUMMARY (CONT.)

|
(b) TEST VARIABLES AND RANGES .;§
| Ref.]| Test |Mach No. | Pitch Ang.! Yaw Ang.{Rocket Plume| Alt. ‘
Facility Range Range Range Simulation Simulation i
4 Tunnel Low Speed None None No No I
S  Tunnel Low Speed +15° None No No "
) '3 'u
T Tunnel Low Speed None 0 to 180 No No _‘
8  Tunnel Low Speed +15° 0'to =30 No No !
9  Tunnel Low Speed -15to 60° O0'to 30/ Mo No
0 to 180
10 Tunnel Low Speed -15 to 60 O to -30 No No i
13 Tunnel Low Speed +30 +30° No No :i
1% Tunnel .2to 1.4 430 0 to 30° No No i
15 Tunnel .2to .8 -45to 90 Otods  No No .
.6 to 1.5 0'to 360 C to 45 Yes Yes !
17  Tunnel Low Speed -2 to 73 O to 30 No No
26 Tunnel .2 to 1.1 +30 0 to 30 No No
27 Tunnel .2 to 1.2 +30° 0'to 30" No No
28 Tunnel .2to 1.4 30 0 to 30 No No !
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TABLE 1t - AERODYNAMIC TEST DATA SUMMARY (CONT.)

(c} TOTAL STATIC FORCE AND MOMENT MEASUREMENTS

! Ref.} Lift | Drag | Side | Roll | Pitch | Yaw
Force Force Force Moment Moment Moment

L] None Yes None None None None
5 Yes Yes Yes Yes Yes Yes
7 Yes Yes Yes Yes Yes Yes
8 Yes Yes Yes Yes Yes Yes
9 Yes Yes Yes Yes Yes Yes

10 None None None None None None
13 Yes Yes Yes Yes Yes Yes

14 Yes Yes Yes None None None
15 Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes

17 None None None None None None
26 Yes Yes Yes Yes Yes Yes
27 Yes Yes Yes Yes Yes Yes
28 Yes Yes Yes Yes Yes Yes
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TABLE 1 - AERODYNAMIC TEST DATA SUMMARY (CONT.)

(d) BODY SEGMENT FORCE, MOMENT, AND JOINT TORQUE MEASUREMENTS

{Ref.}Hand }Knee |{Elbow }|Foot |Helmet }Upper |Lower |Upper |Lower |Torso
Forces Forces Forces Forces Forces Amm Arm Leg Leg
y Yes Yes None Yes Yes Forces Forces Forces Forces Forces
5 (See Comments that follow the Table)
7 None None None |None |None None None None None None
8 Yes Yes None Yes Forces/ Forces Forces Forces Forces None
Moments/
Pressures

9 Yes Yes None Yes Yes Forces Forces None None None
10 Yes None None Yes None (Arm UP Forces)(Lift Forces) Forces/
Moments
13 None None None |None |None None None None None None
14 None None None None Yes Moments Moments Moments Moments None
15 None None None |None |None None None  None None None
None None None |None None None None None None None
17 None None None |None Yes None None None None None
26 None None None |None Yes Forces/ Forces/ Forces/ Forces/ None

Moments Moments Moments Moments

27 None None None |None Yes Forces Forces Forces Forces None
28 None None None None Yes Forces Forces Forces Forces None
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(e) COMMENTS
Reference
4

10

TABLE 1 - AERODYNAMIC TEST DATA SUMMARY (CONT.)

Comments
F=105 ejection seat used for some tests.
Tests with ejection seat and occupant measure primarily hand,
knee, and leg forces. These forces and other forces were also

measured for a tractor rocket egress configuration (occupant
without seat).

In tests with a cockpit, vertical height above cockpit during
egress was an important variable.

Test were run primarily to simulate a configuration for a trac-
tor egress escape systems (suspended subject without seat).

Harness, torso, wrist, knee, and ankle forces were measured.

Test data for subject without seat in only standing, sitting,
and supine positions.

Drag data compared to other available data on humans and
dummies,

Tests with F-105 and ACES-II ejection seats,

Tests with appurtenances on 1imbs, stabilizer plates on seat,
and nets on limbs.

Force, moment, pressure measurements on helmets.

Total forces and moments measured at zero pitch for yaw of
0 to 180 degrees.

ACES 1II ejection seat used in tests.
Gross {orce and moment data measured for 5 and 95 percentile

anthropomorphic dummies for yaw from O to 180 degrees.

Tests with ACES 11 ejection seat.
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13

14

15

17

26

Tests with ACES 1I ejection seat and 50 percentile anthropo-
metric dummy.
Asymmetric configurations:

(a) Shift of dummy to one side in seat

(b) Various asymmetric locations for arms and legs.

This is a preliminary report and data analysis

Limited and unreduced data - not in coefficient form.
Arm moment data in and out of arm plane at six stations
including elbow and shoulder.

Leg moment data in and out of leg plane at six stations
including knee and hip.

This is the most complete set of correlated test data on the
total static forces and moments of ejection seats over a large
range of mach number, angle of attack, and yaw angles.

F-101 and F106 ejection seats were used in these tests.

The test data are in coefficient form and applicable to a wide
variety of ejection seats. Test data include the aerodynamic
effects of the seat and the rocket exhaust plume on the forces

and moments.

Helmet 1ift and side force data is presented both with and
without a loss preventer (spoiler).

A good source of data on limb forces and moments.

Total force and moment coefficients are presented in force
area and moment volume form.

Upper and lower arm and leg side force, drag, 1ift and moments
were measured for both arms and legs.

Drag, side, and 1ift forces on the helmet are presented.
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27

28

Primary concern is curve fitting and comparing experimental
data in graphical form.
Ejection seat vertical distance above the forebody was an

important variable in some of the test data presented.

This is presently the most complete source of data on limb
forces and moments and helmet forces under realistic ejection
conditions. All data are plotted.

Tests were run with a 1/2 scale (1)man-seat, (2)man-seat and
cockpit, (3)man-seat with cockpit and windshield, (4)man-seat
with cockpit and flow diverter.

Ejection seat vertical displacement was a variable in these
tests,

Lift, drag, and side forces on the helmet were measured.
Pressure coefficients were also measured at one point on the
head, chest, abdomen, left leg, right leg, and seat back.




2.3 RECOMMENDATIONS FOR WIND TUNNEL TESTING AND DATA ANALYSIS

Ample evidence exists that 1limb dislodgment forces can be large during
ejection at high speed in an open ejection seat. Large limb dislodgment
forces can result in limb flail injuries. For example, data from Reference
10 indicate that "arm-up" forces of the order of 500 pounds are easily
possible at 500 KEAS. Reference 13 shows that hand grip forces of this
magnitude can result in a "probelility of letting go" of 90 percent or
higher. Obviously, under such conditions an unrestrained arm will flail.
Reference 3 indicates that the probability of arm fiail injury occuring under
such flight conditions can be of the order of 30 percent or higher. For
ejection speeds above 500 KEAS the probability of flail injury increases
dramatically. At 600 KEAS or higher flail injury will approach near
certairty. Thus it appears that limb restraints are required during ejections
for any modern day high speed fighter if flail injuries are to be avoided.

2.3.1 A REALISTIC EJECTION SEAT MODEL

A realistic ejection seat model for inclusion in the ATB Model computer
program is one that includes the ejection seat, occupant, and the important
seat subsystems such as sustainer rocket, STAPAC, and drogue chute. Such
a model should also consider the occupants' limbs to be restrained by some
sliding belt and harness system. Six typical belt and harness restraint
candidates are discussed in Reference 30. Such restraints allow limited arm
and leg motions. With such a model one can consider limb motions as well
as body motion within the seat as small movements or perturbations from fixed
limb and body positions. Such a model will allow large motions of the seat
and fixed occupant but only small displacements of limbs and the body within
the seat. An investigation of potential injuries during ejection can then
be performed by applying such a model to analyzing seat dynamics, limb and

restraint dynamics, limb forces, and joint torques,
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Before an assessment of limb forces, joint torques, and potential injury
conditions can be made an appropriate sliding belt and harness model must
be available. 1In addition, aerodynamic forces and moment data on the total
seat and the various limb segments must be available under the conditions
of limited 1imb and tody motions. A body of experimental data presently
exists on seat forces and moments (Reference 15). Under the restrictions
of limited 1limb and boi'y motions within the seat, the problem of obtaining
experimental wind tunne. data on aerodynamic forces and moments on the limbs
appears tractable. In fact some of these data exists at present but have
not yet been properly reduced (References 27 and 28).

2.3.2 DATA ANALYSIS

In Reference 27 and 28 a large body of experimental cdata is presented
on limb forces as well as data on total seat forces and moments. In Reference
27 a preliminary attempt has been made to correlate and curve fit some of
these data. A least-squares curve fit should be undertaken using the
experimental variables of mach number, angle of attack, angle of sideslip,
and seat ejection position with respect to the cockpit. Preliminary results
presented in Reference 27 appear to indicate that acceptable least-squares
curve fits of the experimental data are possible if up to cubic terms are
retained in a Taylor's series expansion. Such curve fits should be made
especially for the upper and lower arm and upper and lower leg force data
of Reference 28. These limb force fit equations can then be included as part
of the ATB Model computer program for a preliminary assessment of limb
aerodynamic forces and moments during ejection. This modified program can
also be used for a preliminary evaluation of limb motions with any specific
belt and harness restraint system.

As the limbs move within any restraint system, the forces on the limbs
are a function of the limb positions as well as the ejection seat variables.
The data of Reference 27 and 28 does not in general evaluate the effects of
various limb positions on the limb aerodynamic forces, therefore this
preliminary evaluation of limb aerodynamic forces and their effects must of
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necessity be limited. The angle of attack and sideslip angle range of the
data of References 27 and 28 is also limited, but such an analysis should
result in significant insight into the interrelationships between ejection
dynamics, limb forces and moments, and the potential ejection conditions that
may result in limb injuries. The results of such a study should also be the
basis for formulating future wind tunnel test programs to measure limb
aerodynamic forces and moments with limited limb movements.

2.3.3 FUTURE TUNNEL TESTING

A body of experimental aerodynamic data presently exists on an ejection
seat with occupant and these data are presently being used to study ejection
dynamics (References 15 and 32). These data are for the condition with the
body and limbs fixed with respect to the seat. In these tests the mach number
was varied from 0.2 to 1.5. For scme of the tests the angle of attack was
varied through 360 degrees. Th2 angle of yaw varied between 0 and U5
degrees. Reference 27 and 28 contains a body of experimental data on upper
and lower arm and upper and lower leg forces. These forces take the form
of drag, lift, and sideforce measurements on limb segments. For these tests
the angle of attack was limited to + 30 degrees and the yaw angle varied
between 0 and 30 degrees. Most of these tests were run with the occupant
and his limbs at one fixed position in the ejection seat. It is necessary
to expand these limb force data. Wind tunnel measurements should be made
on limb segment forces and joint torques through the mach number, angle of
attack, and yaw angle range of Reference 15 allowing some small changes or

perturbations in the limb positions.

The amount and direction of the limb segment perturbations to be tested
should be based on the data analysis described in the previous section. It '
should be possible to limit the limb perturbation variables to only a few.
Since the limb perturbations are small, changes in many of the aerodynamic
interaction effects between limb segments, and between segments and the seat,
will probably be small and negligible. If this is the case then it will not
be necessary to test all possible combinations of the wind tunnel test
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variables (mach number, angle of attack, angle of sideslip and relative seat
position) and limb perturbation positions.

It is difficult to state at this time what the limb position perturbation
variables should be. These perturbation variables can be defined better once
the 'data analysis suggested in the previous section is completed. The wind
tunnel test variables should be comparable to those of Reference 15, except
that ‘it would be advisable to increase the test yaw or sideslip angles to
90 degrees. It mzy not be necessary to run tests of limb position
perturbation for the complete matrix of the wind tunnel test variables. It
would -also be advisable in these tests to instrument the limb segments of
the model to measure joint torques as well as segment forces.

The 1imb segment force and moment data obtained from these tests as a
function of the limb position perturbation variables can then be fitted to
analytic expressions that involve the wind tunnel test variables as well as
the segment position perturbation variables, A least-squares fit technique
may be appropriate and should be based on the results of the data analysis
suggested in the previous section. The terms in the analytic expressions
to be fit can be determined from a Taylor's series expansion. Appropriate
simplifications of the analytic expressions should be made when possible.
The analytic expressions can then be added to the ATB Model computer program
for an assessment of limb segment forces and joint torques during actual
computer simulated ejections.

31

ER ol LRAN

e ar

Pac 2 4 QICEN

A

O it F e

Nt

s

NERREYY o}

b1, f LSEE I

® s
LA R R R

. G,

.
T

s s %
v 2 I N I 1

»

Lo g
pleAD

R4

A Sy by

'E.

P |



3.0 MODELING OF THE ACES II EJECTION SEQUENCE WITH THE ATB MODEL

3.1 ATB MODEL CHANGES

As a result of the studies that have been conducted during this research
effort it has been determined that to adequately model the dynamic response
of ithe man-seat the ATB Model must be able to simulate the effects of
stabilizing rockets, STAPACs, and the drogue chute in addition to accounting
for the windblast forces on the man-seat. In order to assess the importance
of these effects the ATB Model was modified and several test runs were made.
This modified version is designated as ATB-IIIA and a complete description
of the program changes is given in Appendix D. Much of this effort is pre-
liminary and not yet fully developed, hence many of the input parameters
required for the tests are embedded in the FORTRAN code.

3.2 ACES EJECTION SEQUENCE AND MODELING

The ACES II system operation is described in detail in Reference 24.
A typical time sequence of events during ejection is illustrated in Figure
3=-1 (this Figure was copied from a Figure in Reference 24)., Typical times

in seconds are:

1 t=0 initiation of ejection,
2 t = 0.001 catapult ignition,
3 t = 0.198 pitch STAPAC ignition,
t = 0.203 pitch STAPAC operational,
] t = 0.208 drogue chute initiation,
t = 0.213 catapult phase ends, seat free, sustainer ignition,
t = 0.215 drogue gun reaction forces and moments end,
t=ts drogue line stretch, start of snatch, this time varies,
t =ts + 0,026 time of maximum snatch force,
t = ts + 0.052 time of end of snatch force,
t =¢tf drogue filled, this time varies,
t = 0.653 sustainer rocket burnout,
t = 0.800 STAPAC rocket burnout,
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Figure 3-1 EJECTION SEQUENCE
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5 t=1. + parachute (main chute) deploys (not modeled),
6 t = 1.312 drogue chute release.

The times used in the preceding table were taken from data supplied by
Mr. Dobbek of the Flight Dynamics Laboratory at WPAFB and are for the Mode
2 operation of the seat. Mode 2 refers to a recovery mode above 275 KEAS
at sea level.

In the ATB simulations, the initial conditions for the seat wWere taken
to be the values which existed at the end of the catapult phase, aerodynamic
forces and moments were introduced, the sustainer rocket forces and the droque
gun reaction forces were begun at the times indicated by the table. Thus
only gravity is acting on the seat until the initiation of these other
forces. The user may modify the initial conditions, if he wishes, to account
for the effect of gravity (primarily a change in the vertical velocity of
the seat).

3.2.1 SUSTAINER ROCKET(S)

The sustainer rocket is rigidly attached to the seat and, when ignited,
applies a time varying thrust in a direction fixed relative to the seat.

The sustainer rocket can be modeled by using the program's ability to
specify a time-varying force applied at a specified point on any segment.
Section 5.2 of this report contains a description of the mathematical model
which is used in the ATB Model. The user supplies the time varying force
(one of the F's in equation 5.1 of Section 5.2), the segment number to which
it is applied and the location (the corresponding R in equation 5.1 of Section
5.2) in the segment where the force is to act. Details of this capability
are contained in the input description of the ATB Model (Appendix C) and the
specific use for these test runs in Appendix D. In particular, the sustainer
rocket force function is defined in tabular form as FUNCTION NO. 1 in the
output listings given in Appendix B of this report and is plotted in Figure
3-2. Hence, no program modifications are required.
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3.2.2 STAPAC

The STAPAC is basically a sustainer rocket where the direction of the
thrust vector is dependent on the angular velocity about a specified axis
of the seat and is directed to produce a torque which will tend to reduce
this angular velocity. The ATB Model was modified on a temporary basis to
model the STAPAC which counteracts the pitch rate of the man-seat. The user
8. Jlies the force versus time function defining the rocket thrust, the
location and initial angle of the rocket and the angle of the rocket as a
function of angular rate of the segment to which it is attached. Both these
functions are supplied using the function definition capability of the ATB
Model. As in Section 3.2.1 the user defines one of the F's and the
corresponding R of equation 5.1 of Section 5.2 (see FUNCTION NO. 2 in the
output listings in Appendix B for the force function and cards D.9 in the
same listings). This rocket thrust function is plotted in Figure 3-2. The
program was modified to change the direction of the force, F, as a function
of the pitch rate of the segment (man-seat) using the user specified function
(see FUNCTION NO, 3 in the output listings given in Appendix B ol this
report). This rocket offset function is plotted in Figure 3-3. See the
description of program modifications labeled STAPAC ROCKET in Appendix D for
more specifics of the modifications. Details for entering functions are
contained in the input description of the ATB Model. The temporary
medificaiion is restricted to the use of the STAPAC for control of pitching.

Program modifications:
Subroutine WINDY

Subroutine WINDY has been modified to test if the force function number
is negative to activate the program for the STAPAC rocket. The pitch rate
is computed and used as the argument to a second function that gives the
angular deviation to be applied to the nominal firing angle of the rocket.
The force evaluated from the first function (as a function of time) is then
applied at this new firing angle.
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Subroutine SINPUT

Subroutine SINPUT has been modified to accept a second function on input
Cards D.9.a - D.9.) (the 2I6 term at the beginning of the FORMAT for Cards
D.9 has been changed to 3I4). Also vectors QFU, QFV and QFX are stored in
COMMON/WINDFR/ as needed for the STAPAC rocket. QFU is a unit vector in the
direction of the nominal thrust of the rocket relative to the seat. QFV is
the location of the rocket with respect to the center of gravity of the seat

(man-seat) and QFX is a unit vector defining the axis of the rate sensor.

Optional output

NPRT(30), not equal to O, prints one line of data at each time point.
This line containa: time, pitch rate, angular deviation, direction cosines
of the firing angle, and components of the resulting force and torque
vectors. This output is intended primarily for diagnostic purposes.

3.2.3 DROGUE CHUTE

The actual deployment and resultant effects of the drogue chute cn the
seat motion are quite complex. The ATB Model was modified on a temporary
basis to include a simplified version of the effects of the drogue chute.
In the typical deployment of a chute, a capsule is ejected from the seat with
a rocket, this capsule causes an extraction chute to be deployed which in
turn releases the main drogue chute. Forces created by the chute are
transmitted to the seat via a bridle. The reaction due to the release of
the capsule was modeled by using a time dependent force capability to apply
thrust to the seat (this is the same technique as used for the sustainer
rocket described above). The chute was modeled as an independent segment.
The bridle was modeled using the spring function capability of the program.
It was assumed that the bridle apex was rigidly attached to the chute, 1i.e.
all the riser and suspension lines were assumed to be rigid and all of the
'line stretch' was in the bridle (Figure 3-4). A time dependent force was
applied to give the chute a velocity relative to the seat. A force, dependent
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on dynamic pressure of the wind stream and a time dependent drag coefficient,
was applied to simulate the wind forces on the chute. The time dependent
drag coefficient must be selected to account for the effects of both the
extraction chute and the drogue chute itself in determining the position and
velocity of the drogue chute. This drag coefficient is illustrated in Figure
3-5. The specific details of the modifications are given in Appendix D in
the section labeled DROGUE CHUTE where the drogue chute and the modifications
to Subroutine WINDY are described. In sample runs it was found that the time
dependence and magnitude of the 'snatch' force was very sensitive to the drag
coefficient and the initial impulse applied to the chute.

Program modifications:

Subroutine WINDY

Additions have been made to Subroutine WINDY to compute the wind forces
on a chute segment and these forces are controlled by supplying the ellipsoid
number (MWSEG(2,J) on Input Card F.7.b) as a negative integer. The magnitude
of the wind force acting on the chute is computed as

Force = O.S'R'Vz'Area C

where: R = The air density stored in COMMON/ARODAT/ by Subroutine
AIRFLW,

V = The velocity of the chute relative to the wind. The wind

velocity is stored in COMMON/ARODAT/ by Subroutine AIRFLW
Area = Pi%A®B where A and B are the y and z semiaxes of the

ellipsoid of the chute segment supplied on input Card B.2.j,

C = The value of the user supplied function from input
Cards E to specify the effective drag coefficient of the
the drogue chute as a function of time.

The resulting forces and torques, applied at the end of the negative

x axis of the chute ellipsoid, are added to the U1 (force) and U2 (torque)
arrays.
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3.2.4 AERODYNAMIC FORCES

As a result of the studies made under this research effort, it has been
concluded that the aerodynamic forces acting on the man and/or seat are best
modeled by using experimental data with appropriate interpolating routines
to apply the forces to the various segments of interest. To this end, the
program has bheen modified on a temporary basis to accept data where the
normalized forces and moments acting on a segment are a function of mach
number, angle of attack, and angle of sideslip. Two new subroutines were
developed to introduce the aerodynamic forces, these are Subroutine AIRFLW
which is called by Subroutine CONTCT and Subroutine ARODTA which is called
by Subroutine AIRFLW. Subroutine AIRFLW computes the aerodynamic forces
produced by the airstream and computes the resulting forces and torques which
act on the segment. Subroutine ARODTA computes the aeromechanical
coefficients using experimental data which is in a file maintainted by AFFDL
on the CDC Cyber computer at WPAFB, Appendix D contains a detailed
description of these subroutines.

Program modifications:

Subroutine AIRFLW(N), new subroutine

Subroutine AIRFLW is called by Subroutine CONTCT to compute the
aerodynamic forces produced by the airstream and computes the resulting forces
and torques acting on segment No. N,

Optional Output:

NPRT(29;, not equal to zero, produces a tabular time history on the
primary output unit. Time, mach number, angle of attack, sideslip angle,
forces and torques acting on segment No. N are printed at a frequency of DT
(Card A.4) seconds and is interspersed with other output that is printed on
the primary output unit. No time points are printed when the time is less
than TDELAY(1).
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Subroutine ARODTA (VREL,CXYZ,CLMN,TBSR) - new subroutine

Subroutine ARODTA is called by Subroutine AIRFLW to compute the
aeromechanical coefficients Cx, Cy, and Cz for forces and Cl, Cm, and Cn for
torques, as a function of the mach number, angle cf attack, and sideslip angle
of the man-seat. The force and moment coefficient tables are given in
reference 15, Report No. AFFDL-TR-T4-57,

Arguments
VREL The x, y, and z components of the velocity of the SRP in
the seat body axis system with respect to the airstream.

CcXyz The force coefficients Cx, Cy, and Cz that are returned to the
calling program.

CLMN The moment coefficients Cl, Cm, and Cn that are returned to
the calling program.

TBSR Remaining burner time of sustainer rocket. If negative and

rocket-on data is being used, rocket-off data is read from
input unit No. 10.
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3.3 INPUT DATA SETS

Several preliminary test runs were wmade to verify the operation of the
new subroutines that were discussed above. A final set of four runs using
these new capablilities of the program were made. This final set modeled the
man-seat as a single segment and the drogue chute as an independent segment.
Two runs were made using a 95 percentile man and two runs were made using

a 5 percentile man. All four runs used a mach number (M) of 0.908.

Data sets:

Condition 1

DESCRIPTION
1. High subsonic level flight at sea level (M = .908)
2. Comparable to Dobbek run on 1/18/80
3. Ejection mode 2

MAN SEAT PROPERTIES
1. ACES ITI ejection seat with 95 percentile occupant
2. Ejection weight (W) = 369.87 lbs.
3. Center of gravity (from SRP) - reference dimensions

x = 6.13 in. frontal area = 6.94 sq.ft.
y= .12 1in. hydraulic diam. = 35.68 in.
Z = -9.51 iﬂ.

4, Inertia properties
2

Ix z 18.35 1b.-ft.-sec, Ixy = =0.75
Iy = 18.65 1., = 836
Iz z T.51 Iyz = -0.31

FLIGHT CONDITIONS (SEAT)
1. A1t (h) = sea level
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2. Velocity = 600 KEAS
600 KTS (True)

= 1013.4 ft./sec.

3. Speed sound (a) = 661 KTS

4, Mach number (M)
5. Angle of attack
6. Angle of sideslip = O
T. Angle of roll = 0

L] 908

12.5 degrees (seat), = 0 (airplane)

8. Angle of pitch = 12.5 degrees, angle of climb = 0

9. Velocity along body x, y, z axes

V* = 585.8 KIS
Vy:O
Vz = 129.9 KTS
10. Angular rates about body x, y, z, axes
p =0 rad/sec. x-axis
qQ =0 rad/sec. y-axis
r =0 rad/sec. z-axis

11. Air density (rho) = .002375 slug/cu.ft.

12. Dynamic pressure (1/2 rho Vg) = 1219 1b./sq.ft.

CATAPULT ADDITIONS
V. =0 p=0

V =0 q=0

Vz 2 -22.5 KTS r

0

CONVERSION FACTORS
1 ft./sec. = .5921 ns

A

KRy 3

.

LA oA o R

-.“l..';'l'1-|..l

Yt O R

»

13

v,

L

C RN

1 KT = 1,689 ft./sec. = 20.27 in./sec.
1 rad/sec, = 57.30 deg./sec. = .1592 rev./sec.
1 rev./sec., = 360 deg./sec. = 2 pi rad/sec.
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Condition 2

DESCRIPTION
1. High subsonic level flight at sea level (M = .908)
2. Change in c.g. lateral offset
3. Same as ejection condition 1 with the following changes

MAN SEAT PROPERTIES
3. Center of gravity (from SRP)
y=0

Condition 3 (BASE LINE)

DESCRIPTION
1. High subsonic level flight at sea level (M = .908)
2. Change from 95 percentile to 5 percentile occupant
3. Ejection mode 2

MAN SEAT PROPERTIES
1. ACES II ejection seat with 5 percentile occupant
2. Ejection weight (W) = 298.80 1lbs.
3. Center of gravity (from SRP) - ref dim.
x = 5.08in. frontal area 6.48 sq.ft.
y=z =.11n, hydraulic radius = ;4.46 in.
z = -8, 18in,
4, Inertia properties

2
Ix z 14,87 1b.-ft.=-s8ec. I‘y = -0.36
Iy =z 15.51 Ixz = 4.07
Iz = 5.73 Iyz = <0.09

hy




FLIGHT CONDITIONS
1. Alt (h) = sea level
2. Velocity = 600 KEAS = 600 KTS(True)
3. Speed sound (a) = 661 KTS
4, Mach number (M) = .908
5. Angle of attack = 12.5 degrees
6. Angle of sideslip = 0
T. Angle of roll = 0
8. Angle of pitch = 12.5 degrees, angle of climb = 0
9. Velocity along body x, y, z axes

Vx=585.8KTS
Vy:O
Vz = 129.9 KTS
10. Angular rates about body x, y, z, axes
p=0
q=0
r=20

11. Air density (rho) z .002375 slug/cu.ft.
12. Dynamic pressure(1/2 rho Vf) = 1219 1b./sq.ft.
CATAPULT ADDITIONS
Vx:O p=0
v =0 q=0

y
Vz 2 2T.9KIS r =0

Condition 4

DESCRIPTION
1. High subsonic level flight at sea level (M = .908)
2. Change from c.g. offset of y = =0.11 in. to y = 0
3. Change from sideslip angle = 0 to sideslip angle = 0.5 degrees
4, Same as ejection condition 3 with following changes
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MAN SEAT PROPERTIES
3. Center of gravity (from SRP)
y=0.

FLIGHT CONDITIONS
6. Sideslip angle = 0.5 degrees
9. Velocity along body x, y, zZ axes

g% 585.8 KTS

y

v
V.= 5.1 KIS
Vz = 129.9 KTS
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3.4 RESULTS OF TEST RUNS

The sample runs that were made using the aerodynamic forces, sustainer
rockets, STAPAC and drogue chute on a man-seat configuration proved to be
very sensitive to many of the parameters involved indicating the need for
a much more detailed study than could be performed during this research
effort. In particular the motion of the man-seat was extremely sensitive
to a small offset of the c.g. in the y direction indicating the inherent 3-D
nature of the problem. Also the 'snatch!'! force of the drogue chute was
critically dependent on the specification of the drag coefficient of the
chute. Since this 'snatch! force can be exceptionally large it can have a

significant effect on the forces which act on the occupant.

The output 1istings for the four test runs are contained in Appendix
B of this report. Note that the time history of the computations done by
Subroutine AIRFLW are listed on the primary output unit. 1In particular the
outputed variables are the time (in msec.), mach number, angle of attack,
sideslip angle, the forces on the segment (Cx, Cy, and Cz), and thne torques
on the segment (Cl, Cm, and Cn). These outputs are interspersed with other
output on this primary unit.

The four runs are:

Condition 1 95 percentile man, lateral c.g. offset
Condition 2 95 percentile man, no lateral c.g. offset
Condition 3 5 percentile man, lateral c.g. offset
Condition 4 5 perceritile man, no lateral c.g. offset

The man-seat angular displacement for Condition 2 is plotted in Figure
3-6 and for Condition 4 is plotted in Figure 3-7. It should be noted that
the angular displacement is just in the pitch angle. The corresponding runs
(Condition 1 and Condition 4) show significant amounts of yaw and roll but
the total resultant angular displacement (not plotted, rafer to Appendix B)
is about the same. The non-zero yaw and pitch angles are induced by the
lateral offset of the c.g., which is of the order of ocne tenth of an inch.
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The reaction of the drogue chute may be determined by looking at the time
histories of the spring damper forces. These are plotted in Figures 3-8 and
3-9 for Conditions 2 and 4 respectively. Again note the effect of the offset
of the c.g. by referring to these forces for the other conditions in Appendix
B (no* plotted).

It must be remembered that these test runs were performed only to
demonstrate the ability to use the ATB Model to simulate the sustainer
rockets, the STAPAC, the drogue chute, and the aerodynamic forces. No attempt
was made to compare these results to other simulations or to actual flight
data.
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3.5 RECOMMENDATIONS

As a result of these tests and other studies performed in this contract
effort, it is recommended that the following modifications be considered for
the ATB Model:

Sustainer Rockets

No modification is necessary. The ability to apply a time dependent
force at a prespecified location and in a prespecified direction is already
in the ATB Model.

STAPACS

The operation of a STAPAC should be analyzed in greater detail to
determine if it is necessary to model the dynamics of the STAPAC itself.
The temporary modification that was done assumed that the STAPAC responded
instantaneously to a change in direction and did not account for any dynamic
reactions. It is recommended that a STAPAC model be incorporated into the
ATB Model and that it have the capability of responding to the angular rate
on any preselected axis (the temporary modification was restricted to the
pitch axis).

Drogue Chute

The temporary modifications indicate that the drogue chute can be
modelled as a separate segment using the spring dampers as the bridle and
subjected to aerodynamic forces. However the response of the chute was very
sensitive to the time-dependent drag coefficient and to the initial impulsive
force that was applied to simulate the drogue gun reactions. Methods of
predetermining an adequate drag coefficient time history need to be
developed. Several auxiliary programs were written in an attempt to determine
this drag coefficient but no conclusive results were obtained. 1In particular
these programs attempted to determine the initial impulse applied to the chute
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and the slopes of the sections of the drag time history in order to achieve
a realistic 'snatch' force at the appropriate time. The fact that the results
of these auxiliary programs were inconclusive indicates that more work should
be done in this area.

This drogue chute should be incorporated into the ATB Model. It should
also provide a capability of modelling the main chute.

Aerodynamic Forces

The Subroutines AIRFLW and ARODTA should be incorporated into the ATB
Model. Tabular time histories of the significant variables should be
provided.

In the temporary modifications it was necessary to make a provision for
extrapolating the experimental data if the angle of attack or the sideslip
angle exceeded the range of the available data. The technique used was to
take the last available value, better extrapolating methods, such as Fourier
Series and/or Spherical Polynomial representations should be inves’ .gated.

The available data are very limited in scope and hence very little is
useful for an adequate description of the forces and moments acting on
individual segments. An analytic determination of the aerodynamic forces
is deemed beyond the current state of the art because of the complex nature
of the airflow about segments which are 30 close to each other in the typical
man-seat configuration. It is therefore recommended that further tests be
made to experimentally obtain data on the forces and moments acting on the
significant segments. These data should cover the dynamic ranges of mach
numbers, angles of attack, and angles of sideslip that would be experienced
in typical ejection problems. Since the primary objective is to evaluate
'windblast protective systems' the data on limb forces need only be obtained
for limited motion of the limbs on the assumption that an unusually large
motion of the limb would imply that the 'protective system' had failed. It
is believed that interpolative procedures can be developed that can account
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for variation of the angle of attack and the sideslip angles resulting from
motions of the significant segments.

Protective Systems

Various protective systems can be modeled using the Harness Routines
in the ATB Model. A series of test runs should be made in which the limbs
are allowed to move, constrained by 'belts', and subjected to aerodynamic
forces using Subroutine WINDY and/or Subroutine AIRFLW. The purpose of these
runs would be to provide data to enable one to further refine these routines

if necessary.
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4,0 PERMANENT ATB MODEL IMPROVEMENTS

4,1 DRIFT IN JOINTS

The ATB Model uses forces and torques of constraint to impose the
kinematic constraints at the joints. The forces of constraint are to insure
that the joints do not separate and the torques of constraint are used to
1mp§se angular constraints such as a locked joint, a pin joint or the various
constraints related to the EULER joint. However, since the integration
procedure is not exact, i.e. a discrete step numerical integration procedure
must be used, and'the computation is not of infinite precision, errors in
the constraints will occur. The error in joint separation is eliminated by
use of a chain routine to compute the linear positions and velocities of the
segments. Previous versions of the ATB Model had no provision for chaining
the angular constraints and some users have reported significant "drift" at
the Jjoints, e.g. the pin vectors at a pinned joint do not remain parallel.
It has been found that the drift can be controlled by using more stringent
integrator tests however this may necessitate a significantly longer running
time than is desirable. An angular chaining procedure has been developed
to eliminate this drift and is included in the ATB Model. Its use has been

made ontional.
4.1.1 ANGULAR CONSTRAINTS

There are three basic types of joint constraints. They are:

1) Locked joint, all types of joints except the null joint may be
locked .
2) Pin joint, IPIN = 1 or an EULER joint with two axes locked.

3) EULEK joint with only one axis locked.

The ATB Model allows the joints to change their state (locked or
unlocked, within 1limits) at the completion of a successful integrator step
(update time). At this time if a joint changes state the relative orientation
of the adjoining segments may be saved for use by the chaining procedure.
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The chaining procedure used for these constraints is:

The joint array JNT(j) is scanned sequentially from j = 1, to j = NJNT. Joint
J connects segment i = JNT(J) to segment j+1. If i = 0 the joint is a null
Joint and no constraints are applicable. If the joint is locked then the
direction cosine matrix of segment j+1 could be computed from the direction
cosine matrix of segment i and the relative orientation at the time of lock,
however no drift has been experienced for a full locked joint so no correction
is made. 1If the joint is a pin joint (or an EULER joint with one free axis)
the direction cosine matrix of segment j+1 is adjusted so that the pin vector
in segment j+1 is parallel to the pin vector in segment i. If the joint is
an EULER joint (see Figure U4-1) with one axis locked the direction cosine
matrix of segment j+1 is adjusted so that the spin and precession axes are
perpendicular to the nutation axis and the angle on the locked axis is
constant (and equal to the angle at the time of lock). The angular velocities
are adjusted to be consistent with the constraints.

precession axis

spin axis

segment 1 segment 2

4 nutation
axis

Figure 4-1 EULER JOINT
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4.1.2 ALGORITHM FOR CORRECTING DRIFT

The mathematics involved in the drift correction algorithm may be
illustrated by the case of a single free axis (i.e., a pin joint). The
direction of this axis is fixed in each of the adjoining segments. With
reference to Figure 4.2 let

h, and h_ be the unit pin vectors (1 by 3 matrices), and

-1 -2
21 and 22 be the direction cosine matices (3 by 3) in the segments.
Since the pin vectors represent the same axis they must obey the constraint
equation:
-1 -1
Dy By Dby
grift angle
-
Pin vector h, n, pin vector in
in segment 1 segment 2

u axis of rotation
=

Figure 4.2 JOINT DRIFT MODEL

During the course of the integration the values of the D's will vary as the
segments move but the h's are fixed. Errors in the integration process may
then cause the above constraint equation to be violated. This may be
corrected by adjusting the matrix D by a rotation about the axis defined
by the cross-product of the h's. The sine of the rotation angle is the
magnitude of this cross product. Define u by the equation (Figure 4-2)

-1 -1
u = D, (Dj'h,) x (D;'hy)
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and define the rotation matrix R as
R = [ cos(8) I+ (1/(1 + cos(8)))uu' + (u x)].

In the expression for R, u' is the transpose of the matrix u, (u x) is
the matrix analogous to a vector cross product operation, and 8 is the
rotation angle. (Note that u is not a unit vector). The direction cosine
matrix of segment 2 is replaced by the direction cosine matrix D which is
given by the matrix equation

D = RD,

In the case of an EULER joint with just the precession or the spin axis
locked, the constraint is that the nuta‘ion axis must remain perpendicular
to the locked axis. The mathematical relations are the same as given above
except that the rotation angle is the complement of the angle between the
vectors defining the axes. 1In the case of the EULER joint with just the

.nutation axis locked the relations are again the same as given above except

that the rotation angle is such as to maintain a constant angle between the
precession and the spin axis. A complete description of the EULER joint is
given in Reference 35 and is illustrated in Figure 4-1 above.

84.1.3 ALGORITHM FOR CORRECTING VELOCITIES

After the direction cosine matrices have been modified it is necessary
to correct the angular velocities to maintain consistency of the constraints.
When the joint is fully locked {locked ball joint, locked pin joint, or EULER
Joint with all three axes locked) the angular velocity of segment 2 must be
the same as the angular velocity of segment 1. The correction equation is

-1
TR

where ¥, and ‘-'2 are the respective angular velocities of the segments.
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For the case of a single free axis(pin joint or an EULER joint with two axes
locked and one axis free) the equation is:
1

] = ] - 1 Yo
W =hh'w, o+ (I-BAODD Y,

where h is the pin vector of the free axis, h' is its transpose and I1is the
identity matrix. Finally for the case of the EULER joint with only one axis
locked the equation is

1

! = - ' y
!2 5 (I }_l}l )‘-'2 + !‘_h_' 12221 !1

where h is a vector which is perpendicular to the the free axes and

wé is the updated angular velocity of segment 2.
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§.2 AUTOMATIC RELOCATION OF HARNESS POINTS

The current harness model requires that the user specify a set of
potential reference points on the ellipsoids which are in contact with the
belts comprising the harness. A typical configuration is shown in Figure
4.3, The reader is referred to the description of the harness algorithms
in References 31 and 34 for more detail. The discussion below assumes the
reader is familiar with the basic algorithms.

belt line

11 anchor
177/

171/
Figure 4-.3 POINTS ON SAMPLE HARNESS

Note that points 2 thru 4 and points 8 thru 10 are not currently on the
belt line. However at a later time as the ellipsoid moves some of them may
be activated (included in the belt line). Since these points were specified
initially, their current location with respect to the belt line may be
unrealistic (make a jagged belt line) and thus cause undesirable strains to
be computed during the succeeding time steps. To alleviate this problem a
nevw procedure was added to the model to readjust any newly activated points
80 that they lie on the ellipsoid and in the plane determined by the adjoining
currently active points, i.e., points 2 thru 4 in Figure 4.3, if they become
activated, are adjusted to lie in the plane determined by points 1, 5 and
6, and points 8 thru 10, if they become activated, are adjusted to lie in
the plane determined by points 6, 7 and 11. The code for this new procedure
was inserted in Subroutine HBPLAY at the point where newly activated points
are identified.
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4,2.1 ELLIPSE ALGORITHM

The intersection of a plane with an ellipsoid is an ellipse. The plane
-
vector, t, defining a plane containing three non-colinear points pt, p2,
and p3 may be determined by taking the vector (cross) product of the vector
—————— ——————
(p3 - p2) with the vector (p2 - p1) and normalizing to a unit
magnitude, thus
T = 33 -p2) x (p2 - p1)/1(p3 - p2) x (p2 - p1)|,and
d = T'p) is the distance to the plane, where the apostrophe '

is used to indicate the transpose of a vector or a matrix. If @ and V

are vectors U'V is scalar which is the dot product of the vectors.

In the following mathematical developement we revert back to our matrix
notation where Py Q and t are 3 by 1 matrices whose components indicate the
location of the points in the coordinate system associated with the ellipsoid
matrix E. This is done to facilitate the notation in equations involving
the ellipsoid matrix,

Let q be the projection of a point p onto the plane., Then
q=p-ttpsdt.

The equations may be simplified with no restrictions by assuming the
center of the ellipsoid is the origin of the coordinate system used in the
calculations. A point r is on the ellipsoid if r'Er = 1 where E is the
symmetric matrix defining the ellipsoid. The center, s, of the ellipse
determined by the intersection of the plane with the ellipsoid is given by

s=b gf’g where

b/ tE L,

If r =8+ a(q - 8) and the scalar a is selected such that r'Er = 1 then r
will be the point determined by projecting p onto the plane of the ellipse

and then adjusting its radial position to move it to the surface of the
ellipsoid. The value of a is given by

I2 z (bd~-1)/(bd - 1'5&)- where the positive value of a is used.
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The geometry is illustrated in the Figure 4.4 below.

ellipsoid

ellipse

origin (center of ellipsoid)

Figure 4.4 ELLIPSE GEOMETRY
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8.3 INSTANTANEOUS DYNAMIC QUANTITIES

4.3.1 INTRODUCTION

The ATB Model sllows the user to output complete information as to the
kinemstics of the individusl segments and the various forces and torques
(moments) which act on these segments, However, previous versions of the
model allowed no outputs concerning the global properties of a set of segments
connected by joints such as the instanteneous center of mass, the
instantsneous linear and/or sngular womemtum of this set of segments. The
ATB-III Model contains a new version of Subroutine OUTPUT which will allow
these quantities to be outputted as specified on cards H.8.

§.3.2 CALCULATION OF GLOBAL OUTPUTS

The valuas of instantareous center of mass (c.g.), linear momemtum and
angular momemtum were added to the tabular time histories outputted by the
ATB Model. To use this option the user must enter the segment numbers which
are to be used in the computations and the segment number which is used to
define the output reference system.

The formula for the instantaneous center of mass, z, is:

T = Q2 woz /3 m, vhere,
®, i{s the mass of the i'th segment,

is the location of the c.g. of the i'th segment, and

(L) .Lu

is the location of the instsntaneous center of mass.

The formula for the linear momemtum, G, is:

s D -igi where,

$, = 1s the linear velocity of the c.g. of segment 1
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The formula for the angular momemtum, H, about the origin is:
-1

H = Z[ Dy By + mozox ] where,

l.)1 is the direction cosine matrix of the i'th segment,

-Pi is the inertia matrix of the i'th segment, and

!1 is the angular velocity of the i'th segment.

In the above formulae for z, G and H, the summations are over the segment
numbers inputted by the user. If the user has selected segment j for the
output reference, then the c.g. of segment j is subtracted from the value
of z and this relative value of z along with the values of G and H are
multiplied by the direction cosine matrix associated with segment j before
they are printed.
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5.0 LONG-BONE INJURY PREDICTION
5.1 INTRODUCTION

‘Ihe brincipal reason for developing simulation models such as the ATB
Model 18 to evaluate the injury potential of particular dynamic situations.
One type of potential injury is the fracturing of the extremities, i.e., the
arms and the legs. In this section techniques for using the ATB Model (with
uodit‘icétio'ns) for assessing maximum stresses in the long-bone structures
of the arms and legs are discussed. In particular, techniques for estimating
the maximum torque (bending and torsional moments) on a long-bone segment
are described.

It will be shown that if the segment is considered as a slender rigid
body of uniform cross section, such as a circular cylinder, that the forces
and torques(momerts) vary as a cubic polynomial function of the distance along
the segment. Forces and torques are vector quantities and a cubic polynomial
must be used for each component of the vectors.

5.2 EQUATIONS OF A SINGLE SEGMENT

The ATB Model treats each segment as a rigid body and writes the free
body equations of motion of the segment. With reference to Figure 5-1 the
free body equations of motion are:

[he2)
(28

(5.1)

NN
e
M
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where: matrix size reference

m mass of segment scalar 1 by 1

] inertia matrix 3 by 3 local

I linear acceleration 1by 3 inertial
.4 angular velocity 1 by 3 local

gi constraint Torces 1by 3 inertial
r point of application of ti 1by 3 local

gi constraint torques 1by 3 local

EJ external forces 1by 3 inertial
gd point of application of l-'J 1by 3 local

21 external torques 1by 3 local

D direction cosine matrix for segment 3 by 3.

As described in Reference 35, the notation we are using is a matrix
notation not a true vector notation. However, we will sometimes refer to
the 1 by 3 matrices as vectors. Time derivatives are denoted by dots over
variables. The " x " is used to indicate the matrix operation analogous to
the veator cross product. A more complete discussion of the mathematical
notation and the techniques used for solving the equations may be found in
Reference 35.

In this model the constraint forces are the forces st the joints which
prevent the joints from separsting and the constraint torques are the torques
at the joints which impose pin or locking constraints.

origin

Figure 5-1 TYPICAL SEGMENT
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5.3 TWO-SEGMENT APPROACH
CONSTRAINT EQUATIONS FOR A SLENDER BODY

In order to determine stress at points within a segment such a segment
is considered to consist of two segments connected by a locked joint at the
point of interest. The equations of motion of two rigid segments which are
tied together at a locked joint as shown in Figure -2 are:

mx, + f = mg + 51
iz - & = " + 5

4 (5.2)
4 & [pDf + D= T, + RxDE,
(W) - rxDf - Dt = I.g + R x 2252

subject to the constraint equations
-1 -1
5 ¢+ = %H + by (5.3)
12'122 = a constant matrix
where;

m, . m, mass of segments

1" !2 inertia matrix of segments
i . ox linear acceleration of cg
o angular velocity
f constraint force at locked joint
Iy ¢« I location of locked joint

t constraint torque at locked joint
g acceleration of gravity
51 ' 52 external forces
3_1 ' I_l_z point of application of F
11 - 12 external torques
21 5 22 direction cosine matrices

67




Figure 5-2 SLENDER BODY

All of the variables needed are available in the program at a particular
point in time, hence the constraint force, f and the constraint torque, t,
are computed and may be printed at each point in time. Thus, this technique
may be used to evaluate the integrated stresses at a particular point in any
segment. The major difficulty with this technique is that the user must

prespecify the position of the locked joint and may not know if this is the
position of maximum stress.

5.4 MULTI-SEGMENT APPROACH

The equations for the single segment considered as two segments connected
by & locked joint will now be derived. When considered as a single rigid
body in dynamic equilibrium the equations of motion obtained by combining
equations (5.2) are:

.3 « mg + 5+ I (5.4)
(g w) = '£1 + 1_'2 + (r - LR 51 )x D §1
+ (r =« r,+ R xDF
vhere; - -2 2 2
m oz m m, the total mass
§ = §,+ 3, b+ 4 the total inertia
Jy = m(s'sT -s3s') translated inertia s =rp.-r
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dy = my(s'sI -s3s") translated inertia s =r,-r
L identity matrix

x = (m x, + m,x,)/m the cg of total body

T 51 . 52 location of joint from cg's

D the direction cosine matrix

(Where the aposthrophe ' is used to indicate the transpose of a matrix.)
Equations (5.2) may be solved for the constraint force f and the constraint

torque t as:

-1
NE = W By S Wl W il & o)
. -
Dt = A Ig"’ R, x DE, R, x DEF, (5.5)

(g, - §)¥1 -(r, + ) xDf

+

All of the required quantities except the inertial constants related to the
particular subdivision are available for any point of time in the ATB Model.

Although the equations presented above are valid for any cut of a rigid
body it must be remembered that the forces in the uncut body are distributed
as internal stresses over the area of the proposed cut. After the cut is
made the integrated stresses are concentrated as forces at the joint posi-
tion. For a slender body this yields a valid approximation to the desired
breaking stresses. To more accurately determine the stress distribution would
require a more elaborate technique such as a finite-element method.

Next consider a circular cylinder of uniform mass distribution which
is divided into two pieces at the point z as illustrated in Figure 5-3. We

have
a length of cylinder
radius of cylinder
total mass
g‘ = ’y = m (balu + a2/12) total inertia about x
or y axes
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2

§; = m b/2 total inertia about z axis
m,z m z/ a mass of section 1

m, = m (1 =z / a) mass of section 2

ry= z /2 position of z from cg of 1
r2 = (2-a/2) position of z from cg of 2
i, (P m1(b2/n + 22/12) inertia of 1 about x,y
!Hi = m1b2/2 inertia of 1 about z
.. = .= m (bzlu + (a - 2)2/12) inertia of 2 about x,y

2x 2y 2
i22 z m2b2/2 inertia of 2 about 2z

Note that the inertia asbout the x or y axes exhibit the highest dependence
on 7z, which is a cubic in z (the corresponding masses are linear in z). Thus
the constraint force, f, and the constraint torque, t, given by equation (5.5)
are cubic functions of z, the point of subdivision.

hence if the force and the torque are evaluated at 4 or more points,
cubic polynomials may be used to interpolate these functions at intermediate

points. As a minimum the segment should be divided into 3 pieces connected
by locked joints.

E==—
ety e Ty " X :

Figure 5-3 SEGMENTED CYLINDER
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5.5 SUMMARY OF TECHNIQUES

Since the ATB Model has the capablility of defining a locked-joint a
possible method of evaluating the forces and moments at any point on a segment
is to divide the segment into two pieces and lock the joint connecting the
two pleces. The forces and moments at this joint are computed by the program
and can be printed in the Main Output. This technique however will evaluate
the forces and momentes at the specified joint which may not produce the peak
\;alues. But if one assumes a cubic variation as mentioned in the previous
paragraph, dividing the segment into three pieces will produce four evalua-
tions of the forces and moments (two at the interior joints and two at the
exterior joints) thus providing enough information to evaluate the coeffi-
cients of the cubic polynomials defining the forces and moments at any point
along the slender body. The only problem with utilizing this method is one
6!‘ program size and running time.
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APPENDIX A

LISTING OF INPUT DECKS
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19-MAY-82

95TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 1)
AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DIRGGUE CHUTE

IN LB SEC 0. 0. 386.038
b 40 040 .000125 .004 .000125
00602
2 1 SINGLE MAN(95%)-SEAT

1

MS M3469.87238.63 223.871.688 144.0 6.94 35.68 -6.13 -0.12

0.0 ‘19.41 0-0

CH € 25.0 25.0 20.0 25.0 38.4 38.4 38.4 0.00 0.09

NLL O o o

0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
AIRFRAME

0. 0. 0. 0. 1.

1 0 0 0 0

1 EJEC PLANE

30.0 30.9 ~100.0
~-30.0 30.0 ~100.0
-30.0 ~-30.0 -100.0

1 2-12.73 6.00 -2.97176.47 6.00 0.00 40.00-126.0
1 2-12.73 -6.24 -2.97176.47 0.00 0,00 40.00-120.0

1 1 0 -1e.558 -0.120
1 -2 3 -3.620 -0.120
1 4 0 -11.530 -2.616
2 5% 0 0.000 0.000
1 SUSTAINER ROCKET
0.000 -1.600 0.000
9
0.000 0.0 0.213
0.243 3680.0 0.354
©0.605 1000.0 0.653
2 STAPAC ROCKET
0.000 -1.600 0.000
12
0.000 6.0 0.198
9,203 890.6 0.204
0.4698 492.2 0.742
0.779 82.0 9.869
3 STAPAC PITCH VS RATE
-6.233 -6.283 0.000
4
-6.283 -9,7854 -1.571
6.283 0.7854
4 DROGUE GUN ON SEAT
0.000 -1, 6060 0.000
b

ro

9.858 0.00
17.910 0.00
-6.630 @.00

0.000 0.00
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?.000

-0.7654

0.000

.1 001
ol .001

@. 000
0.214
0.494
1.600
0.000
0.199
0.428
0.755
1.600
0.009

1.571

@. 000

9.51 1

0.00 9

Il .l
ol <1

G'@.OG
eSS
009809

34825.6@
3150.9
.0

Sl
& p P
SW 0>

0.73%4

CARD AlA

CARD A3
CARD A4
CARD AS
CARD BI
CARD B21
B22
B2B

CARD B3A

CARD Ba4A
CARD BSA
CARD B&4A

BéB

CARD C2
CARD D1
CARD D2A
D2B
D2C
bz2o
CARD D7
CARD DEA

DEA
CARD D9A
D9B
D9C
pen
CARD E1
E2
E4A
E4B
EAC
E4C
CARD E1
E2
E4A
E4B
E4C
E4D
E4E
CARD EI
€2
E4A
E4B
EAC
CARD EI
E2
E4A

”1




0.000 0.0 0.211 0.9 0.212 1756.0 E4B
9.216 1756.0 0.217 0.0 1. 600 0.0 E4C
5 DROGUE GUN ON CHUTE CARD E1
0.000 -1.4600 0.000 0.000 0.000 E2
6 E4A
0.000 0.0 0.211 0.0 0.212 2200.9 E4B
0.214 2200.0 0.217 0.9 1.600 0.0 E4C
6 CHUTE CAR FUNCTION CARD E1
0.000 -1.600 8.000 ¢. 000 9.000 EZ
8 E4A
0.000 0.0 0.213 0.0 0.355 9.030 E4B
©.478 0.4 0.500 0.46 1.308 0.440 E4C
1.316 0.00 1.600 0.00 E4D
S1 CARD E1
41 WIND FORCE ON CHUTE CARD E&A
E6B
2 E4C
0. 0. E&D
.001 -10. 0. 0. E&E
CARD F1
CARD F3
CARD F4A
-1 1 CARD F7A
2 -2 3 1 % F7B
1. 1. i o o o o CARD G1
3.92635 0.12 -10.461135 -98.7127 0.0 -527.5009 CARD Gz
-178.01766 0.12 34.84606 -98.7127 0.0 -527.5009 CARD G2
.00 12.5 0.00 CARD GZ
0.00 12.5 0.00 CARD G3
3 1 0.00 0.00 0.00 CARD H1A
1 =-6.13 -0.12 9.51 HIR
2 0.00 @.00 ©.00 H1C
3 1 0.00 0.00 0.00 CARD H2A
1 -6.13 -0.12 135 H2B
2 0.00 0.00 .00 H2C
3 1 0.00 0.0 0.060 CARD H3p
1 -6.13 -9.12 9.51 H3B
2 0.00 0.00 0.00 H3C
2 1 2 CARD H4
2 1 2 CARD HS
2 1 2 CARD Hé
CARD H?7
CARD HEg
*EOR
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19-MAY-82

93TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 2)

AIRFLOW PLUS SUSTAINER AND STAFAC ROCKETS PLUS DROGUE CHUTE

IN LB SEC
6 40 .040
@002
2 1

MS M3569.87238.63 223.871.4688 144.0 6,94 35.48 -6.13

e. 0.

386.088

000125 .004 .000125

SINGLE MAN(95%)-SEAT

0.0 -19.41 0.0

1

CH C 25.0 25.0 20.0 25.0 38.4 38.4 238.4 0.09 0.00

NLLO® o o

0. 0. 0. 0. 2. 0.

0. e. 0
AIRFRAME
0. 0. 0
1 0
1 EJEC
30.0
~30.0
-~39.0

. 0. 0. 0.
. 0. 1.

0 0 0
PLANE
30.0 -100.0
30.0 ~100.¢
~30.0 -100.90

001 .1
001 .1

.1
ol

. 001
. 001

1 2-12.73 6.12 -2.97176.47 0.00 0.00 40.00-120.0 0.0
1 2-12.73 -6.12 -2.97176.47 0.00 0.00 40.00-120.0 0.0

1 1 0 -10.538 0.000
1 -2 3 -3.b620 0.000
1 4 0 -11.530 0.000
2 5 0 0.000 0.000
1 SUSTAINER ROCKET
0.000 -1.600 0.000
9
0.000 0.0 0.213
0.243 3480.0 0.354
0.605 1000.0 0.653
2 STAPAC ROCKET
0.000 -1.600 0.000
12
0.000 0.0 0.198
0.203 890.6 @.204
0.4698 492.2 0.742
0.779 82.0 0.800
3 STAPAC PITCH VS RATE
-6,283 -6.283 0,000
4
-6.283 -0.7854 -1.571
6.283 @.7854
4 DROGUE GUN ON SEAT
0.000 ~1.500 0. 000
6

9.858 0.00
17.910 0.00
-6.630 0.00
2.000 0.00

0.000

75

40.75
77.60
-30.00
150.00

0.000
0.214
0.494
1.600
0-0%
0.199
9.428
6.755
1.600
?.000

1.571

0.000

0.00 9.51

1

0.00 0

ol
ol

0
0

34
31

B~

.9
0

0
.9

28320

0.
0.
2.
14

25.0
S9.0
0.0

B AR

U ww
S W 0

0.7854

CARD

CARD
CARD
CARD
CARD
CARD

CARD
CARD

CARD
CARD

CARD
CARD
CARD

CARD
CARD

CARD

CARD

CARD

CARD

CARD

AlA

A3

AS
Bl
B21
k22
B2E
E3A

B4A
BS5A
B&A

B&B

C2

D1

D2A
2B
D2C
D2D
D7

D&A
D8A
D9A

DYB
D9C

D9D
El
E2
E4A
E4B
EaC
E4C
E1
EZ
E4A
E4B
EAC
E4D
E4E
El
E2
E4A
E4B
E4C
E1l
E2
E4A

TP

ST T S

e i
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0,009 0.0 0.211 0.9
0.216 1756. 0 0.217 0.0
S DROGUE GUN ON CHUTE
0.000 -1.4600 0.000 0. 000
b
0.000 0.0 0.211 0.0
0.216 2200.0 0.217 0.0
6 CHUTE CA FUNCTION
06000 -1.600 0.000 0.000
0,000 0.0 2.213 0.2
0.478 0.46 0.500 0.46
1.316 0.00 1.600 0.00
51
41 WIND FORCE ON CHUTE
2
0. 0.
.001 -10. 0. 0.
= P |
2 -2 8 1 %
1. 1. 1. @ o o o
3.92635 0.00 -10.61135 -98.7127 0.
-178.017646 0.00 34.840606 -98.7127 0.
0.00 12.5 0.00
0.00 12.5 0.00
3 1 6.00 ©.00 0.00
1 -6.13 0.00 9.51
2 0.00 0.00 0.00
3 i 0.00 0.00 0.0
1 -6.13 ©.00 9.5
2 0.00 0.00 0.00
3 1 0.00 2.00 0.00
1 -6.13 0.00 9.51
2 0.00 0.00 0.00
2 i 2
2 1 2
2 1 2

*EOR
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0
0

1

0.212
1.600

0,000

0.212
1.600

9. 009

0.355
1.308&

-527.5009
-527.5009

0.930
0. 440

E4B

E4C
CARD E1
E2
E4A
E4B
E4C
El

2l
&L

E4A
E4B
E4C
E4D
£l
E4A
E6B
EsC
ESD
ESE
F1
F3
F4A
F7A
F78
Gl
Gz
G2
EX]
G3
H1A
HiB
H1C
H2A
HZB
H2C
H3A
H3B
H3C
CARD H4
CARD H3
CARD H¢
CARD H7
CARD H8

CARD

CARD
CARD

CARL!
CARD
CARD
CARD

CARD
CARD
CARD
CARD
CARD
CARD

CARD

CARD

. S




20-MAY-82

STH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 3)

CARD

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

386. 088

IN LB SEC 0. 0.
6 40 .040 .000125 .004 .000125
0002
2 1 SINGLE MAN(SX%)-SEAT

MS M298.80197.04186.1250.165 144.0 6.48 34.46 -5.64 0.11

@.0 -20.84 0-0

CH C 25.¢ 25.0 20.6 25.0 38.4 38.4 38.4 0.00 0.00

NILL @ o o
BLANK CARD

0. 0. e. 0. 0. 0.
0. 0. 0. 0. 0. 0.
AIRFRAME
0. 0. 0. 0. 1.
i 0 0 0 0

i EJEC PLANE

30.0 30.0 -100.0
-30.0 30.0 -100.9
-30.0 -30.9 -100.0

1 2-11.64 6.23 -4.34176.47 0.00 0.060
1 2-11.64 -6,01 -4.34176.47 0@.0@¢ 0,00

1 1 0 -9.468 0.110
1 -2 3 -2,530 0.110
1 4 0 -10.4490 ~-2.386
2 5 0 0.000 0.000
1 SUSTAINER ROCKET

0.000 -1.600 0.000
9

¢.000 0.0 0.213
0.243 3680.0 0.354
0.605 1000.0 @. 653

2 STAPAC ROCKET

0.000 -1.600 0.000
12

0.000 0.0 0.198
9.203 890. 6 0.204
@.698 492.2 0.742
0.779 82.0 0.800

3 STAPAC PITCH VS RATE

-6.283 -6.283 0.000
4

-6.282 -9.7854  -1.571
6.283 0. 76854

4  DROGUE GUN ON SEAT

0.000 -1.600 0. 000
s

.001 .1 .1
001 .1 .1

49- 00-120.
40.00-120.
8.488 ?.00
16,5490 0.00
-8.000 0.00
@.000 0.00
0.000 0
0.¢
3400.0 0
0.9 1
@.000 0.
0.0 0
703.1 0
515.6 a
0.6 1
0.000 0
-0.7354 i
0.000 ()
77

0
0

.001
.001

. 000
.214
.494
. 600
0oe
.199
.A28
. 755
. 6500
. 900

571

. 000

.
0

1

40.75
77.60
-30.00
150.00

8.

0.

.1
.1

CARD
CARD
CARD
CARD
14 1 CARD

00 0

CARD
CARD
CARD

CARD
CARD

S ®

0
0.
.20 CARD
9
0
2

CARD

CARD

CARD

6.7854

CARD

A1A

A3
A4
AS
B1
B2
R22
R2B
B3A

BaA
BSA
B4A
B&k

c2
b1
D2A
2B
D2C
DzD
iy
D8A
D8A
D9A
D9B
DeC
DD
El
2
E4A
E4B
E4aC
E4C
El
E2
E4A
E4E
E4C
E4n
E4E
El
E4A
E4B
E4C
El
E2
E4A

- “]

Ll

~ . . .
i o o

o

b o s
f_“ i




0.209 0.9 0.211

0.216 1756.0 0.217
S DROGUE GUN ON CHUTE
©0.000 -1.600 9. 000
6
0.000 0.0 0.21i
0.21¢ 2200.0 0.217
) CHUTE CA FUNCTION
0.000 -1.4600 0. 000
8
0.000 0.0 9.213
0.478 0.46 0.500
1.316 9.00 1.600
31
41 WIND FORCE ON CHUTE
2
e. 0.
.09 -10. 0.
=L 1
2 -2 3 1 &6
1. 1. 1. 0
3.15871 -0.11 ~9.03791 -122.4037
-178.01766 -0.11 34.846056 -122.4037
0.09 12.5 0.00
0.00 12.5 0.00
3 1 0.00 0.00
1 -5.04 0.11
2 0.00 0.900
3 1 0.00 0.%0
1 -5.24 a.11
2 0.09 9.00
3 1 0.00 9. 00
1 -5.904 8. 11
Y4 0.66 0.00
2 1 <
2 1 2
2 1 2

*EOR

o~
[~

-634,3644
-534.3644

&3=2

—
-

2SS

S OSNSSDSTWS

E4B
E4C
CARD E1
EZ
E4A
E4E
E4C
CARD E1
E2
E4A
E4E
E4C
EAD
CARD E1
CARD E6A
E6B
E&C
E6D
E4E
CARD F1
CARD F3
CARD F4A
CARD F7A
F7B
CARD Gl
CARD G2
CARD GZ
CARD GZ
CARD G3
CARD H1A
HiB
HIC
CARD HzA
H2B
H2C
CARD H3A
H3B
H3C
CARD H4
CARD HS
CARD Hb
CARD H7
CARD HS
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29-MAY~-82
STH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 4A)

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

IN LB SEC 0. 0. 386.088
b 40 ,040 .000125 .004 .070125
0002 1
2 1 SINGLE MAN(SZ)-SEAT
MS M298.80197.04186.1250.165 144.0 .43 34.46 -5.04 0.00
0.0 -20,84 0.0
CH C 25.¢ 25.0 2.9 25.0 38.4 38.4 38.4 0.00 0.00
NULLe o ¢
BLANK CARD
0. 0. 0. 0. 0. 0. .001 .1 .1 . 001
. 0. 0. 0. 0. 0. 001 .1 o1 . 001
AIRFRANME
o. 0. 0. 0. 1z
1 0 0 0 0 2 0 1 0 4
1 EJEC PLANE
30.9 30.0 ~100.0
-30.0 30.90 -100.0
~20.0 -30.9 -100.9
1 2-11.68 6.12 -4,34176.47 0.00 0,00 40,00-120.0 6.9
1 2-11.64 -5.12 -4,34176.47 0.00 0.00 40.00-120.0 0.,@
1 1 @ -9.448 2. 000 6. 488 e.20 40.75
1 -2 3 -2.530 0.000 16.549 0.00 77.460
1 4 ¢ -10.440 0. 000 ~-3.000 0.09 --30. 00
2 5 ¢ 0.00 0.000 0.00, 0.09 150.00
1 SUSTAINER ROCKET
0.000 -1.600 0.000 0.000 0.000
9
0.000 0.0 0.213 6.0 0.214
0,243 3680.9 0.354 3400.9 0.494
¢.4603 1000.0 0.653 0.0 1.609
2 STAPAC ROCKET
0.000 ~1.600 0.000 0.000 3. 06600
12
0.000 0.0 0.198 0.0 8.199
0.203 899.6 0.204 703. 1 0.423
9.498 492.2 0.742 515.¢6 0.755
0.779 82.0 0.800 6.9 1.400
3 STAPAC PITCH VS RATE
-6.283 ~-6,283 0.000 9,000 0.00¢
4
-6,283 -@.7854 -1.571 ~-9.7554 1.971
6.283 ¢,78%4
4 DROGUE GUN ON SEAT
0.600 -1.600 0.000 0.000 0,000
(-3
79

CARD
CARD
CARD
CARD
CARD
.14 ! LUCARD
71 (]
CARD
CARD
CARD
.1 CARD
ar]
CARD
CARD
CARD
CARD
.0 9.9 CARD
IO 0-0
0.0» CARD
.00
0. 00
.00
CARD
3425.0
3150.0
®.0
CARD
23.4
7:23.3
445.3
0.0
CARD
9.7854
CARD

ALA

A
A4
AS
B1
G2
k22
BZE
B3A

B4A
BSA
B&6A
B6B

2
M

D2A
D2B
[zC
020
07

DSA
[18A
D9A
D9B
DoC
9D
E1

EZ

E4A
E4E
E4C

E4C
E1l

E4A
E4k
E4C
E4D
E4E
€1
€2
E4A
E4B
E4C
El
E2
E4A

LI E LR N
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0.000 0.0 0.211 0.9 e.212 1756.0 E4B
0.214 1756.0 0.217 0.0 1.600 0.0 E4AC
3 DROGU: GUN ON CHUTE CARD Et
0.000 ~-1.400 0.000 0.000 0.000 E2
6 E4A
0.009 0.0 0.211 0.0 0.212 2200.0 E4B
0.214 2200.0 0.217 0.0 1.600 0.0 EAC
) CHUTE CA FUNCTION CARD E1
0.000 -1.600 0.0%9 @.000 0.000 E2
8 Ed4A
0.000 0.0 0.213 0.0 0.355 0.939 E4E
0.478 0.46 0.509 0.44 1.308 0.460 E4C
1.316 0.00 1.600 0.00 E4D
31 CARD E1
41 WIND FORCE ON CHUTE CARD Eb6A
E4B
2 E6C
0. 0. E4D
.001 -1e. 0. e. E6E
CARD F1
CARD F3
CARD F4A
=i 1 CARD F7A
2 -2 3 1 & F7B
1. 1. 1. e 0 o o | CARD Gi
3.13871 0.00 =9.03791 -122.4037 0.0 =634, 3644 CARDI G2
~178.01766 0.60 34.84606 -122.4037 0.9 -634.3644 CARD G2
0.00 12.5 0.00 CARD G3
0.00 12.5 0.00 CARD G3
3 1 0.00 0.00 0.00 CARD H1A
1 =-5.04 0.09 8.14 HIB
2 0.00 0.00 0.00 H1C
3 1 0.00 0.00 0.00 CARD H2A
1 =5.04 0.00 8.14 H2B
2 0.00 0.00 0.00 H2C
3 1 0.00 0.00 0.00 CARD H3A
1 =3.04 0.00 8.14 H3B
2 0.00 0.0¢ 0.00 H3C
2 1 2 CARD H4
2 1 2 CARD HS
2 1 2 CARD Hb
CARD H7
CARD H8
*EOR
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19-MAY-82

F3TH MWAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 1)

IRSIN= & [IRSQUT=

AFANRL ARTICULATED TOTAL BODY (ATB-II) MODEL

DEVELOPED BY CALSPAN CORP., P.0. BOX 469, BUFFALO NY 14225
AND BY J & J TECHNOLOGIES INC., ORCHARD PARK NY 14127

FOR THE AIR FORCE AEROSPACE MEDICAL RESEARCH LABORATORY,
AFSC AERONAUTICAL SYSTEMS DIVISION, WRIGHT-PATTERSON AFB
UNDER CONTRACTS F33615-75C-5002, -78C-0516 AND -80C-9511

AND FOR THE NATIONAL HIGHWAY TRAFFIC SAFETY ADNINISTRATION,
U.S. DEPARTMENT OF TRANSPORTATION, UNDER CONTRACTS
FH-11-7592, HS-833-2-485, HS-4-01300 AND HS-6-91410,

PROGRAM DOCUMENTATION: NHTSA REPCRT NOS. DOT-HS-801-507
THROUGH 510 (FORMERLY CALSPAN REPORT NO. 20-5180-L-1),
AVAILABLE FROM NTIS (ACCESSION NCS. PB-241892,3,4 AND 5),
APPENDIXES A-J TO THE ABOVE (AVAILABLE FROM CALSPAN),
AND REPORT NOS. AMRL-TR-75-14 AND AFAMRL-TR-86-14.

PROGRAM ATB-1I, EXECUTED ON THE CDC CYBER COMPUTER SYSTENM,
AFSC ASD COMPUTER CENTER, WRIGHT-PATTERSON AFB, (HIO 45433

8 RSTIME = 0.0000

AIRFLON PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

INITL = N

UINITM = LB
NSTEPS = 48
678 916
¢ 00 ¢ 0

1

l
0

1

INITT = SEC
DT = .040000
213141514
¢ 0000

1

7
@

GRAVITY VECTOR = {  0.0080, .0009, 335,6808)

HO = 800125 HYAX = , 004000 HMIN = . 000125
1BI192021 232420526277 2879 38313233475
00 0 0 0 0 0 0 6 0 01 &0 0 ¢ 0 @

LARDS A

R
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Ll

=
4
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Lo

SINGLE MAN(9S7.)-SEAT

1 CRASH VICTIN

SEGMENT WETGHT
I SMPAOT (LB)
1 K5 M 369.870
2 0H C 25,008
JOINT

J SYM PLOT UNT PIN
INLL 8 6 ¢

2 SEGMENTS

PRINCIPAL MOMENTS OF INERTIA
( LB - SECHZ- IN)

236.6300 223.8000 71.6830
25,0000 20.0000 25.0000  38.400 38.460 38,400

X

Y

z

LOCATIONC IN ) - SEG(UNT)

X

6. 000

Y

0. 900

Z

0. 000

LOCATION( IN ) - SEG(J+1) PRIN. AXIS(DEG) - SEG(UNT) PRIN. AXTS(DEG) - SEG(J+1)

X

0.600

t

X

JOINTS

Y

0.600

Y

SEGMENT CONTACT ELLIPSUID
SEMIAXES [ IN)

z

144,000 6,940 35.680

Z

0.000

CENTER ( IN)

X

-h.130

YA

0.9

Y

=120 9.510
0.600 0.600 0.000

PITCH

6.9

Z

ROLL

0.00

YAN

0.00
.00

YPH

CARD B.1
CARDS B.2
PRINCIPAL AXES (DEG)
PITCH ROLL
-19.41 0.00
8.0 0.9
CARDS B.3
PITCH ROLL
0.00 0.60

.00



1 JOINT TORQUE CHARACTERISTICS

CARDS B.4

CUBIC  DISSIPATION STOP
{d=3) COEF. (DEG)

FLEXURAL SPRING CHARACTERISTICS TORSIGAL SR
SPRING COEF. ( IN LB /DEGHYJ) ENERGY JOINT SPRING COEF. ( IN LB /DEGHJ) ENERGY JOINT )
JOINT LINEAR  QUADRATIC  CUBIC  DISSIPATION STOP LINEAR  QUADRATIC 2
($=1) {=2) ($=3) COEF. (DEG) (J=1) (&2)
I NilL 0. 600 0. 006 0. 06¢ 9.0800 0.089 0. 060 .000

JOINT VISCOUS CHARACTERISTICS AND LOCK-UNLOCK CONDITIONS

VISCOUS COWLCB FULL FRICTION  MAX TORQUE FOR  MIN TORQUE FOR
JOINT COEFFICIENT  FRICTION COEF. ANGULAR VELOCITY A LOCKED JOINT  UNLOCKED JOINT
( IN LB SEC/DEG) ( IN LB) (DEG/ SEC) {IN LB) (IN LB)
3, L1 0. 000 8.0 0.60 8.9 .00
-84

0. 600 0.600 0,000

CARDS B.S

MIN. ANG. VELOCITY IPLsE
FOR UNLOCKED JOINT ~ RESTITUTION -

(RAD/ SEC) COEFFICIENT -

0.00 8.600

&

<t
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e T Ty T gk
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g 4
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e e
P 2
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. ¥
DA

CARDS B.6
SEGMENT INTEGRATION CONVERGENCE TEST INPUT
ANGULAR VELOCITIES LINEAR VELOCITIES ANGULAR ACCELERATIONS LINEAR ACCELERATIONS
(RRD/ SEC) { IN/ SEC) (RAD/ SECH2) { IN / SECH2)
ND. SYM TEST ERROR  ERROR TEST ERROR  ERROR TEST  ERRIR  ERROR TEST  ERROR  ERROR
1" 0.000 0,000 0.0000 0.000 0.000 9.0000 .01 00 L1800 001 100 1060
2 tH 0.600 0.000 .0000 0.6060 0.000 0.0000 .01 100 .1600 .001 06 1000



2T 4T s lmbemm s

! VEHICLE DECELERATION INPUTS

ATRFRAME

YW PITCH ROLL VIPS
0.009 0.000 0,000 0.000
0 PASSENGER COMPARTMENT DISPLACEMENT HISTORY
ANALYTICAL HALF-SINE WAVE DECELERATION

Vo= 9.000 IN / SEC, OBLIQUE ANGLES = 0.00 9.60 0,60 DEGREES, TIME DURATION = 1,000 SEC

VI
llm

Xo(x)
0. 000

1etY)
6. 000

10{Z) NATAB

0. 000

#

AT

CARDS €

ADT
0. 000669

HSEG
)



I NL NBLT NBAG  NELP N@  NSD NHRNSS MMINDF  NJNTF  NFORCE CARD D.1
| 0 9 0 0 2 @ 1 0 4
® PLAE INAITS CARDS D.2
€ PLANE NO. I EJEC PLANE
X Y 74

POINT § 30.0000 30,0000 -100,0000
POINT 2 -39, 6008 20.6000  -100.0000
POINT 3 -30.0000  -30.0000 -100.000¢

¢ BODY SEGMENT SYMMETRY INPUT CARD 0.7
SEGN. 1 2
o NSYNI) ¢ @
¢ SPRING DAMPERS FUNCTION INPUT CARDS D.8
COORDINATES OF ATTACHMENT POINTS { IN )
SEGMENT SEGHENT H SEGMENT N SPRING FORCE FUNCTION DAPING FORCE FUNCTION
NO. § N X Y Z X Y Z Do Al A2 Bl B2
t 1 2 -1273 6.6 -2.97 176.47 0.60  6.00 49,60  -129.000 0. 600 0.060 0. 008
2 1 2 -12.73 =624 -2.97 17647 0.00  0.90 40.60  -170.009 .60 0.000 ¢.000
J FORCE FUNCTIONS INPUT CARDS D.9
NO. SEG  FONI  FON2 X b Z Yo PITCH ROLL
f 1 1 0 -10.558 -.120 9.858 0.600 40.750 0.600
2 1 =74 3 =3.620 - 120 17.910 2,000  77.608 0. 009
3 1 4 0 -11.538  -2.816 6,630 2.000  -30.000 0.000
4 2 b ¢ 0. 000 0. 000 6.000 0.000  150.00¢ 0. 000

8"1

&

w .



BN s SN B S ]

IFUNCTION NO. | SUSTAINER ROCKET NI D) = CARDE E
Do o D2 I3 D4 -
9. 6000 -1.6000 3. 8000 2. 0000 0.0000 Ld
FIRST PART OF FUNCTION - 9 TABULAR FOINTS
D F(D) L
0. 006000 0. 6000 o
. 213000 9. 0004 S|
q

214000 3425, 0600

. 243000 3680, 0000 4

. 354000 3400, 00 J

. 494600 3150. 0009

665408 1000, 0608 l]
5
L]
3

633000 . 0609
1. 600060 9. 0000
’
OFUNCTION NO. ¢ STAPAC ROCKET NTICZ) = 20 CARDS E
Do DI Dz 18] 4
9. 600 -1. 406y 0. 0000 0. 6000 6. 6000 »

FIRST PART OF FUNCTION -  [Z TARLAR POINTS

D FID)
6. 009200 6. 004
195000 ¢. 60k
159009 23, 4004

« 03000 §79. beod
203000 703.1600
. 428000 720,500
. 458680 492.2000
. TR20¢0 515. 6000
L Tbed 445,300 3

7500 62, 090
B0 0. 069

1. 66800 0. 000 ;

b

-3

J




IFUNCTION NO. 3 STAPAC PITCH VS RATE NI{t3l= 3
Do Dt D2 I 1]
-6. 2830 -6.283¢ 0. 06000 6. 0000 6.9000

FIRST PART OF FUNCTION - 4 TABULAR POINTS

D F(D)
-6, 283000 -. 784
-1.571000 - 784
1.571084 . 7854
6. 283000 . 7854
OFUNCTION NO. 4 DROGUE GUN ON SEAT NTIC ) = &9
Do ) n2 03 M
6.6000 -1.6000 0. 8009 0. 0008 0.0060

FIRST PART OF FUNCTION - & TABUWLAR POINTS

D F(D)
0. 000000 0. 0000
211009 6. 0000

. 212080 1756, 0004
216000 1756, 6000
217000 0. 0000
1, 600004 0.6000

CARDS E

CARDS E



IFUNCTION NO. 5

Do
0.6000

DROGUE GUN ON CHUTE NIt = 87
)] 02 1 b4
-1.6000 0. 0008 9. 0000 0. 6000

FIRST PART OF FUMCTION - & TABULAR POINTS

D
0.000090
211060
. 212000
. 216600
217060
1. 500000

OFUNCTION NO. &

1)
0.6000

FD)
€. 9990
9. 0000
2200. 6609
2200. 0000
0.0609
0.0009

CHUTE CA FUNCTION NTI( 6) = 185

Di 2 03 ]
~1,6004 0. 8000 0. 0000 0. 9690

FIRST PART OF FUNCTION - 8 TABULAR POINTS

D
0. 600000
213000
. 355000
475000
- 06000
1. 308000
1.316600
1.600000

F{D)
0. 0000
.06¢00
L0309
4600
300
4500
0. 0000
6. 6000

CARDS E

CARDS E

|



i WIND FORCE FUNCTION NO. 41  WIND FORCE ON CHUTE NTI(41) = 127
Do D1 174 1 DA
¢. 09 0.0400 0. 6000 0. 6000 ¢.0000

& WIND FORCE TABLES FOR 2 TIHE POINTS,

T FX(T) FY(T) FZ(1)
0. 000000 9. e. 6.
991000 -10. 0660 0. 0.
91

CARDS E.6



1 ALLOYED CONTACTS AND ASSOCIATED FUNCTIONS

N
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CARDS F.7

| SEGMENT WIND FORCES

-1-!
K

s a
rr\uﬂuhh -

WIND FORCE FUNCTION

SEGMENT-ELLIPSOID SEGMENT-PLANE

6

CHUTE CA FUNCTION

3= i

VEH - EJEC PLANE

’
......

.
------

..-...--1
.

\\\\\s \0

-------
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1 SUBROUTINE INITAL INPUT

AT AT T noa 12
1. 1. 1. 0 ¢ 0
@ INITIAL POSITIONS (INERTIAL REFERENCE)

SEGMENT LINEAR POSITION ( IN )
NO. SEG X Y Z
1 3.92635 J2000  -128.61135
2 ™ -178.4176b L2080 34.8448%

0 INITIAL ANGULAR ROTATION AND VELOCITY

SEGMENT ANGULAR ROTATION (DEG)

ND. SEG YAN PITCH ROLL
1M 0.00000  12.50000 0. 00000
2 CH 0.00000  12,50000 0.60000

2 I3 S ST

LINEAR VELOCITY ( IN / SEC)

X Y Z
-98.71210 0.00000 -527,50099
-98.71276 0.00000 -527.586%¢

ANGULAR VELOCITY (DEG/ SEC)

X Y i

0.00000  0.00000  0.00000

0.00000  0.00000  0.00000
9%

SPLT(3)
0 1 10.99 6.00 1.00

RO RO =

[FS N )

S ®

CARD G.1

CARDS 6.2

CARDS 6.3



L2

I, 3 WCH ALPHA BETA
CARD K.t 3 i 12
CARD H.2 3 112
CARD H.3 3 112
CARD H.4 2 12
CARD H.5 2 12
CARD Hié 2 12
CARD H.7 @ )
214.00 9019 1036 -.01
249,00 .8845 3.1 -3
200,00 8547  -19.73 -5
¢ DINT CONV. TEST 288,000 CH ANG ACC
8 TEST FAILED AT TIME =  ,288600 FOR H =
39.0 8589 -34.99 .02
349.90 859 -83.97 -2
400.00 8466 94,62 -3
¢ DINT CONV. TEST 420.006 CH ANG ACC
@ TEST FRILED AT TIME = 420000 FOR H =
440.60 8258 -89 -1.43
@ DINT CONV. TEST 460,000 (H ANG ACC
0 TEST FAILED AT TIME = .468000 FOR H =
@ DINT CONV, TEST 472.006 CH ANG ACC
0 TEST FAILED AT TIME = 47200 FOR H =
450.90 0088 -31.24 2.16
# DINT CONV. TEST 480.008 (H ANG ACC
@ TEST FAILED AT TIME = .430008 FOR H =
¢ DINT CONV. TEST 464.080 CH ANG ACC
@ TEST FAILED AT TIME = .434080 FOR H =
O DINT CONV, TEST 494,000 CH ANG ACC
© TEST FAILED AT TIME = 496000 FOR H =
0 DINT CONV, TEST 500.000 (H ANG ACC
6 TEST FAILED AT TIME = .50000@ FOR H =
® DINT CONV. TEST 568.006 CH ANG ACC
© TEST FAILED AT TIME = .508000 FOR K =
¢ DINT COMV. TEST 512.680 CH ANG ACC
¢ TEST FAILED AT TI'E = .5i2006 FOR H =
5N.00 T 41,58 4.28
¢ DINT CONV. TEST 524.804 CH ANG ACC
# TEST FAILED AT TIME = 524800 FOR H =
¢ DINT CONvV. TEST 578.004 CH ANG ACC
¢ TEST FAILED AT TIME = .52800¢ FOR H =
¢ DINT CONv., TEST 540,88 (M ANG ACC
§ TEST FAILED AT TIME = .5A0084 FOR K =
¢ DINT CONv, TEST 548.808 (H ANG ACC
§ TEST FAILED AT TIME = 548904 FOR H =
O DINT COW, TEST SO4.080 CH ANG ACC
® TEST FAILED AT TIME = 554008 FOR K =
300.00 A8 TS -L N
500, 00 458 7497 -2
540,00 L5845 45,47 2.76
690. 00 .5763 -5 4.53
726,00 BIS -1 -.78

X

-8289.26
-8344. 26
-8128.37
4583,
. 004000
-6121.26
-2844,65
-335.68
. 1088E +87
. 084000
-2272.9%
JAMZTEHT
. 004000
< 1506 +8
. 084060
-7017.76
. 33A6E+08
. 004080
. 1 2688 +65
. 004009
. 3653k +86
. 004000
E921E+67
. 004000
JT076E+87
. 004009
106E+0
. 604000
-3845.65
L43U9E+07
. 004000
2119484
. 034000
LTE
. 004000
. 1029407
. 604000
374,
. 604009
-63.38
-427. 40
-1199.86
-3693. 4
-2498.82

162 1997.30
41.78 2937.85
-4.8 3233.14

8829. L2215

Al 4391.19
11.62  3874.64
155.39  3847.81
JIARTEHBS L 1260E-01

131.81
J194TE+97

3576.24
1,590
A7 9874801
-88.66 B14.54
JITBEHT 94940

L2A0EH06 4,824

A919EH0S L1640

O2EHS L HA9IE-0

JAGTIEH8S L 2609291

L264E405 L2047
-1005.16 -2400.38
LO9TEHRS L 9341E-0]

6743, 2976641

JA9ELRS 1912

L0506 +05 L 1827E-0]

L39EHS 2,413
64.680 -3369.38
157,64 -2675.78
-71.88 -152.99
-20.% 1.4
10.14  1373.63

95

-257.48 -48958.73
-833.27 -63938.93
-476.65 -38386.29
. 1609E-95

-333.79
-465.93  -362.54
-1247.89 -4498.29
. | 00E-05

1326.26

26.99
. 1090E-95

-155.56

. 1066E-05

-684.55 -21676.48
. 1060E-95

. | 0BOE-05

. | 690E 05

. 1060645

. 1 000E -85

. 1600E-05

8043.75 -10209.97
. 1000E-85

« | E 05
1085
. 1906E -85
. 1000€—4¢
386,31 25368, 69
2352.28 29789.13
H.64 -4440.5

2093.67 -25203.45
9.8 -421.32

. 1000E-01

. 1006E-0]

. 1000E-01

. 1086t -61

. 1 60001

. 1 086E-01

. 1006E-901

. 100891

. 1060601

. 1600E 9]

. 1900601

. 1600601

. | 9E-91

. 1060£-91

. 1opE -1

-582.06
-621.88
-887.68
. 1600 -61
-129.59
-339.46

-38.62
. 1600E-01

-765.73
. 1900E-01

. 1606t -91

-1682.15
. 1606£-91

. | 660E-01

. 1000E-0]

. 1600E-01

. 1 000E-0]

. 1000E-91

3374.23
. 1600E 61

.1 606E-0]
. 1600E-01
L H
. 1600E-8]
73.66
118.99
-771.61

-1774.40
-270.94



O sitt

PN,

b

750,00

800. 00

840.00

800.0

920.00

960.00
1000.60
1040. 99
1060.00
1H2N.00
1166.00
1200.00
1200.00
1260.8
130.4
1360.00
lml “
1480.00
1460.00
1320, 00

1369. 00
1600.00

3337
9162
AN
4748

51
. 3982
3827
3763
3612
. 3526
<342
3365
« 3289
242
ity
3%
3118
it

-49.81
-4 24
-4.12
.73
45.67
51.69
45.08
29.89
6.7
-17.82
-35.53
-43.67
-41.41
-29.87
-12.47
5.18
19.94
.17
8.4
89.59
159.25
176,46

-4.60
-4.18
3.69
9.48
L)
~2.60
-5.39
-1.33
5.37
6.71
2.4
-2.87
-6.85
-7.14
=2.17
6.73
17.%9
2.31
45.48
82,74
M7
4.6

-2147.39
-2330.79
-2263.76
-1620.83
=T50.24
-433.03
-623.89
-837.67
-1322.86
-1271.99
-1123.62
-989.94
-987.98
-1016.78
~§70. 22
-1001.39
-938.57
-762,61
-451.68
58.48
670.94
688,63

=52,91
81.61
-45.55
-460. 3%
-n.29
13.66
71.87
L2
-103.48
-23.63
.5
4.66
.91
b6.47
-1.42
-14.22
-380.41
-638.74
-868.4
-699.93
=715.5%
16.48

56

T2.13
492.53
663.76
3496.42
86.50
666,18
197,66
-145.28
890. 95
591.69
-277.48
154.67
219.4
-138.18
-143.48
978.24
IN.23
6146, 44
7808.62
6334.83
5984.76
653.3

-269.32
-6383. 46

-16M7.1
-12308.76

-2916.3%5

-349.72
-2194.92
-6370.17

-10774.43

~6484.81
-2876. 46
~1154. 60
-1568. 48
-3568.97
-5141,84
-8264.58
-7208.38
-473.86
-1136.57

3493. 40

1670.98

1007.62

-826.39
91.77
-1169.55
-1999.26
-764. 11
-1. 4
481.13
-47.58
-889.71
-690.3%5
-220.89
-96.47
-30.29
27.15
8.99
-84, 80
-2012.20
-52.78
-2963.91
-17356.68
61.57
=271.32



DATE:  19-MAY-62
RUN DESCRIPTION: 95TH WAN-SEAT SEGMENT {N AIRFLOW (DANTE CONDITION N0, 1)
AIRFLON PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE
VEMICLE DECELERATION:  AIRFRAPE
CRASH VICTIM:  SINGLE MWAN(9SY.)-SEAT
SEGMENT LINEAR ACCELERATIONS (G*S) IN LOCAL REFERENCE
POINT ( .00, 0.08, 0.08) ON POINT ( -6.12, -.12, 9.51} ON
TINE SEGHENT N, | - MS SEGMENT N0, 1 - M5
(MSEC) X Y 2 RES X Y 2 RES
0. 000 -6 0.0 976 108 -206 0.000 .96 1609
40,000 -6 6.000 .97 1080 -206 6.000 .97 160
9.0 -206 0 0.0 976 1088 -216 0.0 976 1,000
120,000 -216 0.000 976 1.000 -206 6000 976 1.060
160,000 -6 00 97 1.0 -6 6000 97 168
200.000 -077 0 32 .51 -071 -.02  .B0 .37
240.000  -18.59%8 112 <7512 16,418 <1986 217 -13.455 22519
200.000  -14.388  -.017 -5.463 15391  -12.218 .93 -11.621 16,842
320.060 10020 .02 -85 10.055  -3.897 167 3497  5.2%9
360. 009 2817 B 8.4 9.689 8.507  .219 11409 14.3%5
100,000 8.539  .691 10.834 13.812 12526 .95 15.95 20.308
MO0 -2.710 1185 2472 24.8%9 8.9 2.002 RN BB
100,000 42770 -1.562 12,381 44558 -9.582 -2.0%  -.03%  9.7%
520.000  -23.527 -5.551 40724 47.357  -16.419 -7.39 -65.550 47.975
540, 000 266 1299 -B.575 .59 <6514 2.173 -49.172 49,656

500, 00¢ -3.085
640, 000 -16.861
£00. 000 -27.789
720,660 -19.435
760, 000 -16. 221
804.000 -18.695
840,000 =19.565
830.004 -13.254
729. 000 -9.442
964, 000 -7.3%5
1000, 000 -8.291
1640004 -10,389
1069, 000 -12.719
1120, 006 -11.173
1150, 000 -8.987
1200, 000 -1.487
1246, 000 -7.219
1200, 600 1.7
1320. 600 =7.564
1350, 004 -3.00
1409, 900 -2.989
1444, 609 -2.686
1490. 609 -1.31
1329. 000 -.616
1560. 600 1.263

1600, 000 1.882

1.844 -31.115 31.314 =6.728  3.655 -38.485 39.138
- 73 -18.839 25.293 -13.127 - 495 -B.596 31,469
-1.713 2,582 27.983 -17.014  -2.316  -3.647 17,533
S13 13,357 23,607 -10.47  1.347 18,543  21.335
1315 12,420 20.473 -11.521 2759 18.373  21.8b1
1.471  8.913 20.25 -11.951 L83 11142 16.44]
=785 L0765 19.689 -1, 444 -2.784  -2.776  14.885
=2.929 -6.999 17.037 -14.569  -5.233 12,187 19.792
-.458 -16.287 13.97¢ -11.076  -1.011 -141X  17.986
1.437 -10.242 12,714 -9.723  2.339 -13.47 1475
.65 -8.3% 11.915 =9.729  3.472 -11.381 15.349
1,133 -4.84]1 11.517 -9.802 1.6 -1.88 12.715
- A% -0 12,777 -10.359 -.808  -2.312 10.644
-2 3458 11,768 -7.888  -L.119 3476 B2
34 5483 10,533 -6.120 AP .28 94T
076 5.7 9.3 5.285  1.MA8 823 9.9
o982 4969 B.98 5.2 2457 7.2 9.1
® 3559 8.7 -5.817 2,417 LM77,
4 1589 7.778 -3.5% 931 J930 5.6
02 29 3182 -2.231 AT -1.429 0 2.768
-4 -3 3.0l “2.% -3 -39 L8N
-1, - 72 2.8 -1.826 -1.293  -1L&2 473
-.700 -89 1549 137 A3 -7 A
A3 -IR 914 5.1 2,783 1173 5.977
-2.380  -.373  2.8% 7.854 <341 -.245 B.648
=889 -.006 2,067 B.625 -1.8 -.423 6.7

7

POINT
X

=216
=21

- 216
=216
-.216
-.218
-8.685
-29.402
-19.137
99.418
-6, 946
1.738
-24.574
3.940
-67.183
-38.484
-20.167
-12.607
-23.411
-35.379
-21.79¢
-12.827
-11.948
-17.414
-14.45%
-14,550
-10.25%
-b. 484
-11.895
-12.119
-12. 466
-12.153
-9.763
71.764
-4

-.937
-21.668
-49. 447

-, ”1

-5

PAGE: 21.0!
( 6.0, 0.88, 0.00) (N
SEGMENT NO. 2 - C(H

Y 2 RES

0. 000 976 1008
0.000 976 1,008
0.0600 576 1,008
6.000 976 1,000
0.000 976 1,000
9.000 9% 1,006
0.000 -39  8.6l6
0.000 -.303 20.485
-.056 -6.220 30,381
213 -43.568 73,643
448 -41.492 78,744
1188 8313 8.574
1.767 42,516 49,139
-2.339 45,027 45,759
-2, 1485 <2140 70.556
2,594 26,985 53.38
6,542 -29.186 35,040
5.887 -14.887 19.423
826 L2 I
-2.333  13.4865  37.996
-2.059  12.381  25.131
-1.418 8.3 15,368
-1 2712 1.2
-1.426  -3.617  17.842
057 -2 15.633
2,583  -7.194  16.43%
4,884 -4.72¢ 12,300
5.576 -1.84  B.486
3.77¢ 572 11
T 2,215 12,343
-l.e18 3,021 12,900
-2.559  3.168  1Z.815
-2.384 3,952 10.504
169 822 71764
-. 092 .97 Lo
- 002 98 1,000
-.082 L9 1.0
-2.385  -.713 21,941
-2.526  1.337 40.574
-804 1006 000
-.081 1000 1.0

34



&

1. &

DATE:
RUN DESCRIPTION:

19-MAY-82
9STH MAN-GEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 1)
AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

PAGE: 22.61

VEHICLE DECELERATION:
CRASH VICTIM:

AIRFRAME
SINRLE MAN(9OR)~-SEAT

CEGMENT LINEAR VELOCITIES ( IN / SEC) IN VEHICLE REFERENCE

POINT { 0.00, .60, 0.00) ON

ThE

(1scC) X
0.000 -98.713
40. 0400 -98.713
89.000 -98.713
1290, 000 -98.713
160,000 -98.713
200. 000 -98.713
20,00 -255.920
280.600 -47.18
30.000 620,298
360,000  -488.094
400.000 -846.509
440.000 -1101.070
450.000  -1621.516
520.000  -2335.734
360,000  -3005.218
690.000  -3530.949
G40. 000  -3956.9%%
680.000  -4354.294
720.060  -4751.334
760.000  -5079.078
800.000  -539%0.713
840. 000  -5497.145
859.000 -5984.193
920.000  -4218.437
960.000  -6420.996
1000.000  -4487.403
1040.000  -4782.320
1060000  -6963.314
120,068 -7149.537
1166.000  -7318.712
1200.000  -7471,111
12800000 -7611.434
1200.000  -7745,030
1320.000  -7876.993
1350, 008  -7932.715
1400,000  -7909.832
1440.00¢  -0921.257
1480.000  -0059,142
1520.000  -6841.973
1360, 000  -6071.545
1600.000 8185, 49

SEGMENT NO. 1 - S

Y z RES

0.000 527,501 535.638
0.000 -512.657 521.485
0.000 -194,614 506,329
0.000 -481.170 491.192
0.000 455,727 474.073
0.000 459,450 461.140
131 -508.384 569,165
=T ~621.075 777,145
-1.520 -769.291 988.221
- 746 -823.495 1072.827
o715 701,132 1099, 145
7.262 -611,957 1259.722
26,912 ~675.325 1764.515
46,425 -620.855 2476.108
57,095 -930. 185 3146, 401
84,526 -983.00]1 36bb.216
103.664 -985.097 4479.903
93.£78 -915.450 4458.517
101,217 -867.22¢ 4834,689
112,733 -848.625 5153.951
129.244 -683, 667 544,095
140,83 -865.9021 5744.142
133. 402 -819.687 6841.332
132,414 -788.777 249,860
144,317 -762.458 6466.823
132,124 -738.761 8449.429
153,395 692,165 6919.273
142,331 -645.863 4994.451
136,254 -602.087 7176.131
143,411 -573.446 T342,548
155,984 -554. 935 7493.314
169.448 -54..951 7632.585
182,351 -528. 692 T766.15%
189.699 -509.73 7895.753
189.671 -488.753 7995.0¢9
183,684 -447.4622 7996.4629
174,598 -450.869 M3.771
164,421 -435,137 6872.555
159.711 -422,017 68854.622
135,992 -413.814 6863, 649
145,543 -397.518 8116.496

POINT
X

-98.713
-98.713
-98.713
-98.713
-98.713
-98.711
-305.392
-323.927
-383. 9¢4
-616,368
-849.728
-1187.392
~1961.521
-2036.127
-2947. 741
-3683.723
-4154,223
-4515.977
-4763. 689
-5089. 220
-5376. 684
-3568. 438
-3863. 362
-6157.509
-6429.485
-66635. 247
-8377.689
-7054.589
-7200. M4
-71331.3714
-TATLAR
-7689.562
-TTR.122
-7829.887
-1872.783
-7913.464
-7954.768
-7999. 444
-7924.891
-71999.447
-8132. 348

{ -6.13, -.12, 9.51) ON
SEGENT NO. 1 - IS
Y Z RES

0.000 -527.501
0.000 -512, 057
0.000 494,414
6.000 -431.170
0,980 -465.727
-.001 -450.449
-, 722 -598.192 634,754
=437 -765.141 927.338
1.225 -933.249 1180.843
3,187 -993.998 1994136
5,257 -765,349 1097.437
12,862 -520.936 1296.763
~5.259 -317.952 1593.39%
15.283 -798.477 2187.147
43.912 -949.186 3103.293
57,406 -946. 583 3726.557
112.868 -984.415 4270.757
140.184-1075.5600 4644.435
122,996 -995.990 4868.223
98,768 -855.287 5152.647
86.001 -769. 101 542¢.077
84.275 -751. 411 5639.378
96.259 -794.241 5919.676
107,984 -885.168 6216.597
127,799 -776.699 6468.556
150.014 -732.579 4767.863
184,062 -701.685 6915.819
206,367 -688,293 7091.699
201,967 -672.094 71234, 164
177,978 -635.571 7361.024
152,215 -583.667 7495.747
135.628 -531. 160 7629.283
128.245 -484,298 7746, 340
129.811 -434,562 7844,132
148,223 449,631 7886.974
164, 444 -441,178 7927.457
170,479 -435.993 7968.50/
169.647 -435. 663 5084.066
183,981 -45.919 7943.7€7
184,791 -541.586 819,883
171,584 -349.139 8152.672

936.638
521,485
086,329
491,192
474,973
461.138

78

POINT ( 0.6, 0.00, 0.00) N

X

-98.713
-98.713
-98.713
-58.713
-98.713
-98.713
-316.079
-349.514
-934. 017
-1015.997
-1239.621
-2032.171
-2037. 347
-2022.979
-2961.524
-3521.252
-4085, 222
-4327.483
-4549.320
-5643. 987
-5463. 853
-9715. 145
-5879. 935
-6112.4613
-6367.917
~6608. 955
-6818.849
-6943. 849
-7¢34.178
-7265.548
-7486. 110
-7631.2%9
-7794. 847
-76355. 1%
-7394.655
-7394, 655
-7394.655
-7431.547
-8252. 663
-639¢.429
-8394. 821

SERENT M), 2- (H

Y z RES

936,658

321,485
306,329

491.192
476.073

468.974

0,600 -527.501
6.900 -512.057
0.000 -496.614
6.008 -431.170
0.000 -465.727
0. 008 -450, 283
0.000 ~487.487 584.99%9

0.000 462,979 711.693

-, 126 -454,439 1038.702

-. 474 -689.937 1185.829

1.932-1334. 356 1815.196

9.993-1622.523 2509.461
32.836-1114.821 2322,646
27.518 -309.756 2046.741
-13.786 -163.794 2367.119
-8.299 -567.997 3566.635
61.562-1020.399 4133.419
158.389-1299.330 4521. 169
204.656-1333. 155 4764.228
176.812-1116. 201 5169.0613
132.854 -8566.047 5533.633
163,927 -684.242 5756.8%8
86.649 -583.350 5995.365
35.690 -568.15 6139, 297
41.581 -624,228 6398.574
58.044 -764.208 6638.674
189.472 -761.227 6862.681
186.221 -79¢.578 6992.996
251.255 -777.399 13118
273.845 -727.794 7307.042
256,862 -662.168 T479.874
215. 641 -591.398 7657.177
172.816 -525.478 7614. 411
147.826 -496.568 7672.415
152,326 -03.865 7413387
132.326 -488.422 7412.3%3
152.326 -472.976 7411.332
145.49] -460.300 7447, 229
135.275 -423.773 264,323

138,391 -397.194 84#9.965
131,979 -389.256 6484.416

A
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VEHICLE DECELERATION:
CRASH VICTIN:

TIE
(¥cEC)

8.9
40.000
0. 000

12¢. 000
169,000
200. 000
240.000
260, 06¢

320. 600

400,000
144, M0
450. 000
520. 060
360,600
609, 600
540,000
689. 000
720,000
760. 000
800. 70
844, 000
809, 000
929. 600
969, 00
1009, 000
1640, 000
1069, 004
1129, 600
1160. 000
1209, 000
1240.600
1280, 004
1320, 000
1350, 008
1446. 089
1449. 009
1480. 604
1520.90
1560. 004
1600, 000

DATE:
RUN DESCRIPTION:

19-M3Y-62

95TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 1)

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

AIRFRAME
SINGLE MAN(9SY)-SEAT

SEGMENT LINEAR DISPLACEMENTS ( IN ) IN VEMICLE REFERENCE

POINT ( 9.90, 0.6, .00) (N

v
A

3.926

- 022
=3.971
-1.919
~11.868
-15.814
~21.896
-36.496
-38.576
-B84.,585
~115.165
~153. 349
=206, 841
=285.891
=INAD
~524.226
-674.203
-540. 386
-1022.672
-1219.478
-1428.876
-1650. 678
-1884. 450
-2128.873
-2381.512
~2642.111
-2999.93
-3184.791
-3467.102
-3736.524
-4852.371
-4354, €33
-3681.211
-4973.699
-3299. 234
-5648, 646
-59928. 633
-6730, 362
~572.427
-6894.534
-T18.122

SEGRENT NO.

1= M
Y Z RES
120
120
120

-10.611
-31.483
-51.576
A28 -7 AR
126 -99.070
120 -108.399
Jd21 -127.28
119 -149.594
7 -177.426
829 -299.830
A1 249,848
ASS -205.602
138 -292.054
2,365 -322.404
4.151 -357.79%5
6.954 -396.167
10.769 -435.657 892.869
14,609 -473.892 964.9¢5
18.785 -589.328 1142.635
22.964 -543.878 1335.461
27.799 -578.982 1541.973
33.240 -614.085 1761.518
38.763 -647.744 1993.061
44,007 -679.992 2235.651
49.534 -710.925 2485.833
35.484 -749.814 2744,565
61.623 -769.295 3010.549
67.567 -796.882 3283.474
73.071 -329.998 3563.731
78.642 -BA4, 461 3851.074
84.428 -867.904 4144,945
91,134 -888,933 4444,004
98,162 -910.347 4734.291
185,659 -931.125 41,269
113.278 951,096 3374.243
120,780 -976.211 5673.167
127,932 -988.555 011,866
134.711-1086. 249 6332217
141,124-1023. 412 6633.12
147, 484-1848. 154 6974.114
133. 493-1656.371 7296.627

11,315
31. 403
51.729
71.571
N.848
169.538
129.088
133,982
186,846
226,238
266,785
307,569
357.882
439,911
531,584
857,122

POINT ( -6.13,
SEGMENT NO.

X

-. 000
-3.949
-1.897

-11.846
-15.794
-19.743
-26.624
-45. 845
-69.869
-95. 866
-124,559
-153.68%
-216.895
-283.438
-3084. 331
-315.805
~670. 647
-845. 440
-1032,941
-123.435
-1438.74
-1656.379
~1884. 443
-2124.943
-2376.639
-2638.328
=2999.292
-3188.532
-3474.818
-3766.471
-4863.633
-4344.571
-4470.733
-4981.026
-5294.518
-5610.002
-5927.4612
-6247.29¢
-6367, 355
-6887. 661
-7211. 4%

-12, 9.51) ON
1- M
Y z RES
)
0,000
0.00
0,000

-, 900
-20.791
-49.985
-60.520

9.00 -79.438

0.000 -97.778

- 013 -116.99%

-.022 -142.183

- 950 -176.97¢

-. 018 -214.989%

054 -246. 954

<249 -271. 247

056 -286.73%

432 -311.578

2,687 -350.627

4.935 -388.864

7.698 -425.399 794.223
11,966 -464.176 964,557

17,069 -504.858 1149.844
21,328 -541.575 1344.518
28,741 574,379 1549.355
28.059 -685.796 1763.984
32,377 -638.423 1989.914
37,392 -871.514 2228.837
42,762 -703.269 2478.848
43.219 -733.016 2738.688
33,949 -761. 005 087,660
60,586 -788.600 3265.019
67.927 -814.515 3549.651
75,252 -B40.266 3859.795
81.825 -864.475 4154791
87.557 -886.787 4454, 689
92.628 -997.397 4798.963
98.172 -926.848 5867.475
104,186 -945.895 3379.3%9
118.964 -964.723 3693.428
117.997 -983.244 6009.764
124.876-1641.548 6328.295
131.572-1026, 885 6647, 489
138, 504-1039.864 6967. 892
145.041-1059.857 7299. 3%

. 008
21,163
41.719
61,869
81.013
99.752

119.587
149.148
189.404
234.253
276,56
316.009
399.474
429.935
529,382
845,995

99

POINT {

PAGE: 23.01

0.60, 0.00, ©.60) ON

SEGMENT NO. 2 - CH

X

-178.018
-181.966
-185.915
-189.863
-193.812
~197.760
-286.733
“220.216
-252.249
-296.143
-333.675
-483.713
-482.863
=363.5%
-633.294
-776.481
-927.798
-1695. 647
-1272.513
-1464. 231
-1675.697
-1899. 184
-2130.959
-2376.391
-2629. 164
-2879.492
-3148.126
-3423.642
-3704,. 097
-3990.978
-4285.209
-4366. 759
-4895. 400
-5296.627
-5545. 933
-5941.739
-6897.525
-8393.417
-6705.925
-7040.732
-1376.429

Y z RES

L1200 34,846 181.3%
120 14,835 162.58
420 -6.119 186,015
420 -25.674 191.591
120 -44.612 198.88¢
20 -62.932  207.532
126 -82.082 222.851
120 -101.115 245,165
16 -119.818 279.259
12 -139.219 327.2%
134 -179.923 378.6b6
333 -238.927  469.117
1,186 -296.663 566.716
2,584 -324. 044 652.848
2.814 -331.068 732.407
2,157 -344.995 849.643
3.631 -377.116 1081.516
7.460 -424.191 1174.340
15.001 -477.839 1339.408
2,775 -321.322 155.457
28.916 -566.790 1768.626
33.811 -597.543 1991.176
37.294 -622.668 2229. 364
39.988 -445.364 2457, 000
41.847 -069.026 2764.553
43.722 -695.627 2962.448
4,968 -725.929 3230.878
52,834 -T56.174 3564.533
61,697 -787.691 3787.339
72.351 817.8735 4874.%63
83.860 -845,707 4368, 645
92,332 -879.775 4669.601
199,285 -893. 968 4977.2¢9
106,515 -913.439 5289.119
112,561 -933.374 5585, 644
118,674 -933. 228 5668.721
124,767 -972. 448 4175.643
138,843 -991.467 6471, 698
134, 854-1608. 581 6782.71%
142,327-1024. 816 7116.348
148, 162-1040.559 7450934
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DATE: 1-MAY-82
F5TH MAK-SEAT SEGMENT IN AIRFLOW (LANTE CONDITION NO. 1)

RUN DESCRIFTION:

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

VEHICLE DECELERATION: AIRFRAE
CRASH VICTIM:  SINGLE MAN{95L)-SEAT

SEGMENT ANGULAR ACCELERATIONS (REV/ SEC##2) IN LOCAL REFERENCE

TIE SECHENT NO. | -
(MSEC) X Y z
0. 490 0.00¢  0.000 0.000
40,008 0.008  0.000 0.0
9. 600 6085 .80 0.8
175,600 0.0 0.800  0.006
166,000 0.000 0.000 ©.009
200,600 821 853 -.0el
240, 00 =078 -37.372  -.3M4
200,600 467 -19.19%  -l1.88
326,000 B4 S840 -.88
358. 009 A0 3L =343
100, 000 458 3B.215 143
449,900 1% 78.1%  -8.999
450, 8 -3 55,985 4131
526, 609 5.887 -82.989 3.T%
568, 006 7,351 68,655  -6.83
600, 089 8.7 -43.819 -12.148
640, 000 .93 -9.33% A1
680, 040 -.552 9.3 8.843
729,690 -.481 52,697 -5.008
760. 060 4,633 AL.524 -13.429
509. 000 -2.026  28.962 -19.973
840, oot -8.549  -1.2 7.574
869. 000 -3.859 -20.100  19.836
X -.07 -9 T.482
940. 000 IN6 -2.49 -9.47
1000, 900 4.765 -17.849 -13.167
1048, 000 4,089 -11.341 4.3
1606, 068 1.e12  -2.072  7.78
1120, 060 -2.071  10.369  9.3€5
1168, 609 -9 16,985 2.862
1200, 684 B2y 181 -3
1240. 600 2.074  15.783 8.3
1200. 680 L3920 1e.882  -3.783
1320. %9 -2.727 2682 -3.33%
136€. 869 -l.6¥3  -6.093 L7132
14648, 60 1121 -5.621  -4.583
1440, 000 9% -8 -5.e11
1480, o6 6.17¢ 48 -14.973
1520, 690 1172 1790 -3R.469
1560, 0ob -4.787 5.1 -L.9%
1688, 400 4,960 B3 -8

NS

RES

SH33EEIE

—

w
o 4

_-O
—
—
w

31.478

0.200

SEGMENT NO. 2 -
Y z
8.600  0.000
0.600  0.900
0.000 0,000
0.000  0.000
0.000  0.000
0.000 0.000
-16.962 0.0
-9.917  0.000
~34.85¢ . 304
846.123  6.572
710759 14798
-431.976  4.415
747,441 12.949
-330.697 -3
13.976  -2.745
-H.107  -.507
-3.942 -2.33!
R Y AP AN
08 -.63
3.528 1.684
1.712 -.183
g -.184
2,300 -.059
.391 185
-8 LI
-1.748 .93
-1 1R -2
-.58Y  -1.827
- 249 -1.773
863 -.563
3 464
. 202 829
- 117 N
6,119 3,165
9. 00d .00
6.000 . oo
0. 000 .60
A0 141 -84, 65
-18.850 -79.€23
0.000 -.08d
0.50¢ .32
108

CH

RES

0.069
0.009
9.080
0. 000
0.000
0.000
16.992
9.917
54.840
846, 149
711.912
472, ¢!
747.503
380.4697
133.998
4189
4,560
3.13%7
A4
3.969
1715
1.78%
2.381
L899
947
.81
161
919
93
.67
BNYS
54
.32
6.862
082
.0e2
.92
86, 298
73.596
AN
L

— . e b

PAGE: 24.9]
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95TH MAN-GEAT SEGMENT IN AIRFLON (DANTE CONDITION NO. 1)

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

SEGMENT ANGULAR VELOCITIES (REV/ SEC) IN VEMICLE REFERENCE

DATE: 19-HAY-82
RUN DESCRIPTION:

VEHICLE DECELERATION: AIRFRAME
CRASH VICTIM:  SINGLE MAN{9%)-SEAT

TIE SEGMENT NO. 1 -
{MSEC) X Y z RES
9.000 0.000 0,006 0.000 0.000
40.000 0.000 €000 0.000 0.000
6. 000 0.600 0.000 0.000 0.000
129. 000 0.000 0.000 0.000 0.000
160,069 0.000 0.000 0,000 0.000
200. 000 .00 600 -.000 . 000
240.000 -85 -.998 . 022 998
264. 609 010 -2.178 -.8%  2.178
320, 000 057 -2.362  -.021 2,383
3%0. %0 A8 <1521 -8 1523
100. 600 Jd14 0 -.102 .44 .160
440, 000 285 LA 62 1,784
480. 009 372 5,386 A13 0 5.414
529. 000 276 4,140 973 4,22
050, 089 452 .83 36 1,664
0, 609 817 -1.689  -.471  1.178
~44, 000 123 -2.580 -1.887  2.83
&9, 00 -0 -3.145  -.873  3.24
729,000 - 823 -1.819  -,36  1.8M4
760, %9 273 .186 221 L4
800,009 89 L6 43 1,889
349. %9 3 2.2 I3 2.412
£39. 000 L2482 1,466 1.004 1,788
929. 09 A2 A7 698 1.e76
966, 600 30 2% . 288 321
1009, 08¢ A3 =87 -5l 512
1040, 200 -1 =% L2760 1A
1969, 000 =819 -9 -L431 1731
1129, 904 -.605 -3 -1.858 1,537
1166, 004 -8l =892  -477 1815
1209, 00 - 029 -.4M4 ¢33 408
1246, %08 .17e 163 43¢ B
1269, 669 374 719 TR L1es
1329, 000 483 1099 869 1.4
1360, 08¢ 272 L1 786 1,338
1409, 000 483 LL1Z8 A% LS
1440, 004 05 L24e RS9
1489, 609 093 1,432 630 1,435
1529, 000 A7 1T 82 2772
1360, 80¢ -7 2989 LT 3,478
1604, 008 =917 .95l L0808 3,687

SEGMENT NO.
X i
0.000 6,000
0.6000  9.068
0.600  0.06¢
9.000 0.0
0.000  0.000
0.000 0.000
8.000 -, 152
0.000  -,487
-. 060 211
-0}l  -2.103
03 179
-0 1.5
016 -1.832
) .348
. 004 .567
293 S
812 .074
003 -.07]
-.004  -.210
-4 - 16
-.002 670
-.003  -.010
-.bo4 083
-.083 139
.83 LN
a1 A
015 - 8¢y
90 -.945
-0 -.099
-9 -.882
-. 009 .05
-.00/ -.043
-.004 - 042
-M5 -.e70
000 - 074
) -.074
. 009 -.074
-.813 o7
-0 12
814 -.268
.48 .3

18]

=
&

~

-.879
472

& 018
=832
N Vsl
.025

A
-, 36
.83
-.410
DGR

RES

0.009
0. 000
9.600
0.000
9. 900
0. 009
152
687
211
2.103
1.795
1.535
1.852
. 49
b7
>

"~

216
178
671
016
05
. 148
126
el
.10l
. 869
.863
094
.0ve
864
.84
077
L6876
.878
.878
.37
977
A%

PAGE: 25.61
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DATE:
fAN DESCRIPTION:

VEHI(LE DECELERATION:
CHASH VICTIM:

19-MAY-£2

95TH MAN-GEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 1)

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS [ROGUE CHUTE

AIRFRAME

SINGLE MAN(93.)-SEAT

459, 000

wn
i

FEEEZTEE

TIzSgEFTIRERE
3333832

1040, 689
1650, 000
1129, 009
1160, 002
1206, 008
RIN.
1269. 008
1320. 600
1360, 60t
1400, 000
1440, 0%
1480, 00
1520. 8¢
1560, 60d
1600, %W

YA

2,000
9.000
9.000
9.00¢
0. 600
4,009
325
AN
-.168
-6.238
67,468
-39.150
-8.472
2.8
62.478
59.128
14.429
-3.9%9
-13.75%
-17.437
~13.43%
-4,591
19.251
2,124
45.853
4]1.960
41,966
4,419
2.783
-15.452
-27.439
-31.243
-27.99¢
-19. 314
-7.819
44N
15.207
29,54
41, 050
-b4.17@
-6.432

SEGMENT ANGULAR DISPLACEMENTS (DEG) IN VEHICLE REFERENCE

SEGMENT NO.

PITCH

12. 500
12.500
12. 500
12.50¢
12,509
12,500
7.060]
-16.277
-50.308
-79.27¢
-92.722
-80.006
~27.912
47.519
76.508
72.649
.68
7.814
-29. 607
-49,151
-24.83
6.159
33.829
44,444
41.202
34.758
34,758
27.396
15.872
S04
-13.576
-2.349
-23.414
-15. 99y
1494
14,760
5.913
45,483
61,690
195,715
139. 304

£.245 -178.17)

E

SETEEER

!
~
o
=

o % ® S ® S
. . . e - .

A72

81,104
98, 143
-3.154
K
69.019

- M

RES

12.5¢0
12.500
12,500
12,500
12,500
12.560

7.609
16.234
54, 38¢
79.342
91.087
81,570
30.764
43. 381
84.417
82.006
H.258
29.897
38,781
48. 331
40,74
36. 500
50.978
64,664
70.214
66.272
66,272
95,501
47.139
4v.218
56.528
61,882
62.214
8.976
61.858
t6.97¢
74,835
84.6%
%6.997
116,98
147,776

179. €59

YA

9.000
.06
. 008
9,909
.60
0. %09
0.000
9. 009
-.879
-.817
XS]
189
302
-. 865
el
Wt
407
659
78
9%
499
9
34
41
A4
L399
3¢
.815
815
237
A9
2.4
1.5
1863

)
S

1.0/¢
1,431
1.792
1.791
1.6738
Tok 1
4,168

— ) e

[P A e

SEGMENT NO.

X

PITCH

12,560
12,560
12,560
12.509
12,500
12.5%0
12,001
5.939
16,815
18.557
19.278
9.735

441
-1.358
2.951
8.794
11.438
11.797
9. 500
6.585
4.955
4,362
4,865
6.959
8. 498
9,72
9.728
9.9585
9.573
8.827
7.949
7412
6.423
5.828
S5.1i@
L 3
3. 161
R LY
1,486
1162

8%
1.459

A~ o

ROLL

8.000
9.000
0. 600
0.009
9.00¢
0.0%0
8. 000
4,000
- 016
.67
003
831
851
054
.872
141
329
452
357
.29
A72
A4
.864
X

2
L

. 164
.376
)
.48
R L
(285
LB
-8l
-7
- lee
=Rl
-. 142
- 179
s
12

L

RES

12,506
12,509
12.5¢;
12.500
12,506
12,500
12,001
5,939
16,815
18.557
19.278
9.737
537
1,31
2.967
8.9¢
11,525
11.894
9,648
b.65%
5. 645
4,404
4,878
b.56%
£.507

9.82¢
19,371
10.37s
7.73%
8.682
7. 586
b Lbd
S.9.04
5.179
43
14%3

[

Ve
2.021
94721
4.41¢

FAGE: 26.81

+q
4
I{ |
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[WTE: 19-HoY-82
RUN DESCRIPTION:
VEHICLE [€CELERATION: AIRFRAE
CRASH VICTIM:
SFRING DAMFER NG, |
SEG 1ONS ) - SEG 2( CH)

TIE LENGTH FORCE
(NSEC) CIN) (LB )
9. 600 18.125 0.0
40.000 16,125 0.00
80. 6@ 18.125 0. 60
120,000 10,125 0.60
169, 060 16.125 0.00
200. 006 16,125 0.00
240. 069 11.419 9. 60
259, 009 37.134 9.09
320. 000 28.202 6.00
360, 009 52.892 1547.08
400, 000 57.627 2115,30
449,000 78,257 4599. 3¢
480, 600 99. 395 6047.3%8
529.000 93,382 6405.84
560, 9 79. 831 4779.71
£00. 000 73.854 4852.48
649, 000 72.566 3910.34
564, 094 71.430 3771.690
720, 000 67.901 3348. 66
760,069 6..432 2691.36
06, 000 68,736 2483.34
814, 000 60,741 248394
850. 009 60,252 8322
926,000 97,54 21€5.35
9¢0. 000 55.564 1848. 42
1009, %06 33,851 166299
1040, 600 33.445 1637.45
1069, 000 54.18¢ 1762.54
1120, 660 53,154 1578.48
1166, 904 51,457 1293.79
1200. 600 . 131 1215. 11
1240, 009 48.827 1839.28
1206, bod 46,244 ¥39.24
1329. 89 47. 38 §85.8
1350, 000 28,337 0.8
1489, 060 8.161 .00
1440, 699 14.034 .00
1430, 604 5. 064 9.8
1326, 00 37.573 0. 60
1560, 0 1B.291 0.9
1668, 000 29.4% 2.9

F5TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 1)
AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS FLUS ROGUE CHUTE

SINGLE MAN(957.)-SEAT
SPRING [AMPER FORCES
SPRING DAMPER NO, 2

1OMS ) - SEG 2( CH )

LENGTH
(IN)

19,269
10.269
10,269
19,269
10,269
10.269
11,600
37.1%
28.152
53. 805
57,643
78.416
89.526
92,331
59, 25
74485
12127
79.542
43,652
63,306
41.403
9,625
58. 169
56.659
56.372
55,38
54, 163
53,676
51.689
51,445
59,675
50,125
49.43
47.714
21.217
9.059
2,177
14.577
48.443
2.463
20.793

FORCE
{ LB

e YaEe
ETETI3¥

5
3

0.00
1569.63
2143.62
45633.94
5979. 41
6279.74
4839.74
4133.18
3855.29
3645.10
3366, 22
2796.74
25¢8.32
2354.97
2172.12
1999.04
1964. 41
1839.35
1692.91
1569. 16
1482, 64
1327.78
1276.17
1216.17
156,22
925.69

¢. %0

4.69

6.0
A9. 28
1613.21

8.8

0.00

193

PACE: 27.91

g



1 ELAPSED CPU TIXE =

MAINGD
INPUT
CHAIN
DINT
PDAUX
DAUX
SETUPL
CONTCT

WINDY
SFOAP
VISPR
EJOINT

DAUX 11
DAUX12
DaUx22
FRMS0L
QUTRUT
ITDATE

POSTPR
OTOTAL
*0R

CALS

EREEERERCERRER -8

02
5

13.87 SECONDS

TIE X
b 43
it J9
17 1.3
207 14,92
38 17.16
25 15.56
13 94
LS 4.41
128 9.3
127 9.16
72 5. 19
14 1.61
9 6
13 .94
13 9
it 9
12 37
21 1.51
i 3.12
9 0.8
n 370
4 3.32
1387 100.84

164

.
PRI

al

sl
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I CSA  NOS/BE LS LS30H-CRR1 03/15/82
18.12.63.GB19LM8 FROM /9L

18.12.03,1P 00000123 WORDS - FILE INPUT , OC 04
18.12. 83,681,739, 1039, CH327000, STCSA,  LBA74A/
18.12. 63, BUTLER

18.12, 84, ACCOUNT TO BE CLOSED AT END OF MONTH
18.12.84.CALL YOUR OCR

18.12.04. INTERCOM BATCH JUB - NO DECK

18,1204, ATTACH, ATEM, ATBGBAIRFLOMBINARY 1982, Mi=1.
18,12.05.AT CY= 001 SNAFIT

18.12.05. ATTACH, BFLT, COPLOTSEX, SN=ASD, ID=L IBRARY.
18.12.85.AT CY= 999 SNeASD

18.12.05. ATTACH, AIRFLOW, ATBGBA IRFLOWSSTHINPUT, CY=
18.12,05. 12.

18.12. 05, ATTACH, TAPE10, SWAERO, 1D=FDLTR7457, SN=AFF
18.12.05.0L, M1,

18.12,06.AT C¥= 999 SN=AFFIL

18.12.06. WP, N,

18.12. 06, LIBRARY, BPLT.

18.12. 0. LDSET, PRESET=ZERD.

18.12. 06, ATB, AIRFLOW, FL=12060.

18.15.20.  SToP 1

16.15.20, 27566 MAXIMUM EXECUTION FL.
18.15.20.  13.888 CP SECONDS EXECUTION TIME.
18.15.20.0P 06918364 WORDS - FILE OUTPUT , IC 40
18.15.20.45 21833 WORDS ( 49312 MAX USED)

18,15, 20.CPA 15.532 SEC. 12,657 ADJ.
18.15.20. 10 11.702 SEC. 3.463 ADJ,
18.15.20.C  2292.969 KiS. 10,661 ADJ.
18.15. 20, CRUS 26.92
18.15. 29, C0ST ' .7

18,15.20.PP 7.742 SEC. DATE 85/27/82
16.15.20.EJ END OF JOB, 9L L800744.
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19-1Y-82

IRSIN= @

AFAMRL ARTICRATED TOTAL BODY (ATB-II) MODEL

DEVELOPED BY CALSPAN CORP., P.0. BOX 408, BUFFALO NY 14225
AND BY J & J TECHNOLOGIES INC., ORCHARD PARK NY 14127

F{R THE AIR FORCE AEROSPACE MEDICAL RESEARCH LABORATORY,
AFSC AERCNAUTICAL SYSTEMS DIVISION, WRIGHT-PATTERSON AFB
UNDER CONTRACTS F33615-75C-5002, -76C-8516 AND -8BC-e511

AND FOR THE NATIGWAL HIGHMAY TRAFFIC SAFETY ADMINISTRATION,
U.S. DEPARTMENT OF TRANSPORTATION, UNDER CONTRACTS
FH-11-7592, HS-#53-2-485, HS-6-81300 AND HS-6-01410.

PROGRAM DOCUMENTATION: NHTSA REPORT NOS. DOT-HS-891-57
THROUGH 510 (FORMERLY CALSPAN REPORT NO. Z@-5180-L-1),
AVAILABLE FROM NTIS (ACCESSION NOS. PB-241492,3,4 AND 9),
APPENDIXES A~J TO THE ABOVE (AVAILABLE FROM CALSPAN),
AND REPORT NOS. AMRL-TR-75-14 AND AFAMRL-TR-88-14.

PROGRAM ATB-11, EXECUTED ON THE CDC CYBER COMPUTER SYSTEN,
AFSC ASD COMPUTER CENTER, WRIGHT-PATTERSON AFB, OHIO 45433

IRSUT= @ RSTIME = 9.0009

G5TH MAN-GEAT SEGMENT IN AIRFLON (DANTE CONDITION NO, 2)
AIRFLOK PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGWUE CHUTE

INITL =

NDINT =
# NPRT ARRAY

1
)

2
¢

3
0

IN

b

Il
2

5
)

UNITK = LB UNITT = SEC GRAVITY VECTOR = (  ©.0000, ©0.0008, 384.008¢)

NSTEPS = 49 DT = . 040006 HO = 009125 HWL = . 004009 N = 04125

67 8 91011 121314151617 18 192821 222324252621 28293031 3B A N

0 0 0 06 06 06 9 ¢ 0 2 0 0 0000600060006 | 000 0000
186

CARDS A
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1 CRASH VICTIN  SINGLE MAN(95L)-SEAT

SEGMENT WEIGHT
I SYWAOT (1LB)

N 349.870
¢ 25.000

1 M
2 CH

JOINT
J SYH PLOT UNT PIN

INRL ¢ 00

2 SEGENTS | JOINTS CARD B.1
PRINCIPAL MOMENTS OF INERTIA SEGMENT CONTACT ELLIPSOID CARIS B.2
( LB ~ SEC¥Z- IN) SENIAXES ( IN) CENTER { IN) PRINCIPAL AXES (DEG)

X Y z X Y z X Y z YA PITCH ROLL

238.6300 223.8000 71.6800 144.000 6,940 35,6806  -6.130 €. 9.510 0.00 -19.41 .00
25.0000 20,0000 25.0006  38.400 30.400 38.400 0.000 0.000 0.000 6.00 0.00 0. 00

LOCATION( IN ) - SEG(JUNT)
X Y z

0.006 0.000  0.000

CARDS B.3
LOCATION( IN ) - SEG(J+1) PRIN. AXIS(DEG) - SEG(UNT) PRIN. AXIS(DEG) - SEG(J+1)
X Y Z YAH PITCH ROLL YA PITCH ROLL

0.600 0.000 0.009 9.04 0.60 9.90 9.00 J.08 .0

167



M

L Y Y
E P P

j &4

L S SN o s
» AP

D

[ah

LI ¢

1 JOINT TORQUE CHARACTERISTICS
FLEXURAL SPRING CHARACTERISTICS
SPRING COEF. ( IN LB /DEGH) ENERGY JOINT
JOINT LINEAR  QUADRATIC CUBIC ~ DISSIPATION STOP
(1) (=2) ($=3) COEF. (DEG)

I N 0.000 0.000 6.000 0.000 0.000

CARDS B.4
TORSIONAL SFRING CHARACTERISTICS
SPRING COEF. ( IN LB /DEGH) ENERGY JOINT
LIEARR  QUADRATIC (UBIC  DISSIPATION STOP
(&=1) (J=2) (J=3) COEF. (DEG)

0. 060 0.000 0. 960 0. 000 6.000

CARDS B.S
JOINT VISCOUS CHARACTERISTICS AND LOCK-UNLOCK CONDITIONS
VISCous CouLons FLL FRICTION MAX TORQUE FOR  MIN TORQUE FOR  MIN. ANG. VELOCITY IMPULSE
JOINT COEFFICIENT  FRICTION COEF. ANGULAR VELOCITY A LOCKED JOINT ~ UNLOCKED JOINT ~ FOR UNLOCKED JOINT  RESTITUTION
( IN LB SEC/DEG) ( IN LB) (DEG/ SEC! (IN LB) ( IN LB) (RAD/ SEC) COEFFICIENT
| NAL 0.600 0. 60 0.80 0.00 .00 6.0609
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s o ERT S

S FCY ¢ TR e o el A T,

s ——

NO. SYM

1 M

SEGMENT INTEGRATION CONVERGENCE TEST INPUT

ANGULAR VELOCITIES
(RAD/ SEC)
AG, ABS. REL.
TEST  ERROR  ERROR

0000  0.000 0.0000
2.000 0,000 0.0000

LINEAR VELOCITIES
{ IN/ SEC)
TEST  ERROR  ERROR

0.000  0.000 0.0000
0.000  0.000 0.0000

ANGULAR ACCELERATIONS
(RAD/ SECH2)
TEST ERROR  ERROR

.01 60 1000
.08l 06 L1008

CARDS B.b

LINEAR ACCELERATIONS
( IN / SECH2)
MG ABS, REL.

TEST  ERROR  ERROR

.001 00 L1000
.01 e L1600
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e
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PR S ST Rg Gy

¢ o hed MR

o b

| VEHICLE DECELERATION INPUTS
AIRFRAE

YAW PITCH ROLL v

0.000 ¢.000 0.000 0

¢ PASSENGER COMPARTHENT DISPLACEMENT HISTORY
ANLYTICAL HALF-SINE WAVE DECELERATION
Vo= 0,000 IN / SEC, OBLIGUE ANGLES =

IPS VIIE Xe(x) 100Y) 18(2) NATAB

. 000 1.000 0.000 0.000 6.000

0.00 0.00 0.00 DEGRCES, TIME DURATION = 1.000 SEC

119

)

ATe
0. 000000

CARDS C

ADT
0. 006000

MSEG
9



I NPL NBLT NBAG  NELP NG NSD NHRNSS MWINDF  NONTF  NFORCE CARD D.i
l ¢ L ¢ 0 2 () ! 9 4

6 PLANE INPUTS CARDS D.2

0 PLANE NO. | EJEC PLANE

X Y z
POINT | 30. 0000 30.0000 -109. 0000
POINT 2 -30. 6000 30.0000 -190.0000
POINT 3 -30.0000  -30.0000 -100.0004

¢ BODY SEGMENT SYWETRY INPUT CARD 1.7
SEGN. I 2
b NSYN(J) & @
' SPRING DAMPERS FUNCTION INPUT CARDS D.8
COORDINATES OF ATTACHMENT POINTS ¢ IN )
SEGMENT SEGMENT H SEGHENT N SPRING FORCE FUNCTION DAMPING FORCE FUNCTION
N. B N X Y, z X Y z Dé Al A2 Bl 74
L1 2 -1273 612 -2.97 175.47 0.0 0.09 40.00  -120.000 0,000 6.009 9.000
2 1 2 -1273 -b.12 -2.97 176,47 0.0 0.00 40.00  -120.000 8. 600 0.000 0.000
¢ FORCE FUNCTIONS INPUT CARDS D.9
NO. SEG  FONI  FON2 X Y z YAM PITCH ROLL
1 l | ) -19.558 0.906 9.858 0.000 48,750 0.000
2 ! 2 3 -3, 629 0.0086  [7.910 0.000  77.60 0,000
3 | 4 9 -11,530 0.008  -6.630 0.000 -30.000 0.000
4 2 3 9 9.000 0.000 0.000 0.000 150,000 0.000

11



| 5.8 DR

o SRR

a L AR B ", " Ta s

IFUNCTION NO.
0o

0. 0000

FIRST PART OF FUNCTION -

D

0. 000000
213000
214000
. 243000

OFUNCTION NO.

De
0.0000

FIRST PART OF FUNCTION -

SUSTAINER ROCKET

]|
~1.6004

F(D)
6. 0000
6. 896
KYSK
3659, 0000
3400. 6006
3150, 0000
1004, 0000
0.0000
¢. 0000

STAPAC ROCKET

]|
-1, 5000

F(D)

6. 0000
0.0000
23. 4600
879. 4000
763. 1000
723.8000
492. 2004
515, 6008
445, 08
82,0000
¢, 0600
0.0609

9 TABULAR POINTS

12 TABULAR POINTS

NTI¢ 1) =

9. 0000

NTI( 2) =

0. 0000

112

CARDS E

"



i LI I
‘4-...;.14-.' Sy

-]

™. »

IFUNCTION NO.

Do
-b.283¢

STAPAC PITCH VS RATE

1} D2
=b.2839 0.0000

FIRST PART OF FUNCTION - 4 TABULAR POINTS

D
-6.282008
-1.571008

1.571000
6.283000

OFUNCTION NO,

Do
0.0000

FIRST PART OF FUNCTION -

D
0. 000060
. 211009
. 212000
. 216004
217004
1.600008

F(D)
-.7854
-, T84
L7854
7854

DROGUE GUM ON SEAT

D1 D2
-1. 6000 0. 6000

F(D)
9. 0000
0. 0000
1754, 0069
1756. 0008
9. 0000
0.0000

6 TABULAR POINTS

NTIE3) =

03 D4
0. 0000 0.0000

NTIC 4) = &9

B3 DA
0. 0000 0. 6000

113

CARDS E

CARDS E

|



R LA AR S

« v s_ T,

v et S oK -

Yo v dRF. “..°

-

IFUNCTION NO.

Do
0.0000

DROGLUE GUN ON CHUTE NTICS) = 87
)| 02 3 D4
-1.6000 . 0000 0.0000 0. 6000

FIRST PART OF FUNCTION - & TABULAR POINTS

D
0.000000
. 211000
. 212000
. 216000
217000
1.600000

FiD)
06000
0. 0000
2200. 0000
2200, 04
0. 0000
9.0000

CHUTE CA FUNCTION NTIC 6) = 165

]| 02 m D4
-1.4000 0.0000 0.0000 0.0000

FIRST PART OF FUNCTION - 8 TABULAR POINTS

F(D)
0. 000
0. 0000

. 0304

4600

400

<400
¢. 3069
0. 0000

114

CARDS E

CARIS E

ré

e



=N S

AP AP L

! WIND FORCE FUNCTION NO. 41  WIND FORCE ON CHUTE NTI(41) = 127
1) 1} 02 IX 04
0.0000 0. 0000 0. 0000 0. 0600 9. 6000

6 WIND FORCE TABLES FOR 2 TIME POINTS.

T FXm FY(1) FZLT)
6. 000000 0. 0. 9.
. 091000 ~10. 0009 8. 0.

115

CARDS E.b6

LEA



| ALLOWED CONTACTS AND ASSOCIATED FUNCTIONS

116



| SEGMENT WIND FORCES

SEGMENT-ELLIPSOID  SEGMENT-PLARE
¢ oF= 52 3~ 1
H VEH - EJXC PLANE

WIND FORCE FUNCTION
b
CHUTE CA FUNCTION

CARDS F.7

i



| SUBROUTINE INITAL INPUT

PLTIO ATy W) It 12
t. t. i, L/ 0 L)
0 INITIAL POSITIONS (INERTIAL REFERENCE)

SEGVENT LINEAR PCSITION ( IN )
NO. SEG X Y z
1 M 3.9283% 0.00000 -10.61135

2 CH -178.01766 0.00000
¢ INITIAL ANGULAR ROTATION AND VELOCITY

34.84506

SEGMENT ANGULAR ROTATION (DEG)

NO. SEG VAU PITCH ROLL
1M

1" 0.00000  12.50600 8. 06600
2 (H 0.60000 1250000 0. 00000

J2
)

—

LINEAR VELOCITY ( IN / SEC)

X Y Z
-98.71278 6.00000 -527.50079
-98.71278 0.00000 -527, 50099

ANGLAR VELOCITY (DEG/ SEC)
X N Z

0. 00000 0. 00600 0. 00000
8. 00000 0. 66009 0. 60000

118

3 SATHN) SALT(2)  SALT(3)
t 10.0¢ 6.00 1.09

CARD 6.1

CARIS 6.3

«q

~d



1 TIE NACH ALPHA BETA

.13 112

CARD H.2 3 112

CARD K3 3 112

CARD H.4 2 1 2

CARD H.5 2 1 2

CARD H.6 2 1 2

CARD H.7 o é
214,00 9019 18.3%6 0.00
240.00 8845 5.1 0.0
200.00 0647 -19.74 .00

6 DINT CONV. TEST 283.608 CH ANG A

6 TEST FAILED AT TIME =  .288600 FOR H =
320. %@ 8389 -54.99 .00
360. 60 L9 .. 0.0
42¢.00 BT -94.56 .00

# DINT CONV. TEST 420.000 (H ANG ACC

¢ TEST FAILED AT TIME =  .420000 FOR H =
449. 06 8260  -83.74 0.00

0 DINT CONV. TEST 448.000 CH ANG ACC
@ TEST FAILED AT TIME = .468000 FOR K =
O DINT CONV, TEST 472.900 (H ANG ACC
6 TEST FAILED AT TIME =  .472008 FOR H =
459.90 L0092 -30.74 6.0
¢ DINT CONV, TEST 480.60¢ CH ANG ACC
© TEST FAILED AT TIME = .480€90 FOR H =
@ DINT CONV, TEST 484.000 (H ANG ACC
@ TEST FAILED AT TIME = .484600 FOR H =
0 DINT CONV. TEST 496.088 CH ANG ACC
® TEST FAILED AT TIME = .496000 FOR H =
§ DINT CONV, TEST 500.000 CH ANG ACC
® TEST FAILED AT TIME = 500000 FOR H =
¢ DINT CONV. TEST 506,008 CH ANG ACC
@ TEST FALLED AT Tirt = .506000 FOR H =
¢ DINT COW., TeST 512,080 CH ANG ACC
6 TEST FRILED AT TIHE = .512000 FOR H =
520.09 TS 42,2 6.0
@ DINT CONV. TEST 324,000 CH ANG ACC
6 TEST FAILED AT TIME = .524880 FOR H =
0 DINT CONV. TEST 528.008¢ CH ANG ACC
# TEST FAILED AT TIME = 320008 FOR H =
® DINT CONV, TEST 540.000 CH ANG ACC
6 TEST FAILED AT TIME = 540080 FOR H =
O DINT COWV. TEST SC4. 88 (H  ANG ACC
® TEST FAILED AT TIME = .556000 FOR H =
5%, 08 8B T 0.00
# DIKT CONV. TEST 546,908 CH  ANG ACC
@ TEST FAILED AT TIME = 566088 FOR H =
600.80 59 TALLS 0.8
© DINT CONV. TEST 426.006 CH ANG ACC
# TEST FAILED AT TIME = .620608 FUR H =
649.09 L6048 45,26 0.8

cx

-8288.94
-8339.72
-8117.89
4977.
. 804600
-6121.52
-2843.99
-32.9
.B128E+86
. 684600
-2264.4)
. 3B59E+07
. 034900
. 1499€+83
. 004009
-7615.86
.3177E+08
. 904000
3721,
. 004009
L4193+
. 004000
. BB6SE +67
. 004000
.6821E+87
. 004900
L9673 +85
. 004000
-328.63
L196E+9T7
. 004060
< 1883+
. 604004
T369E+06
. 084000
. 2784E 48
. 004064
-94.33
57248445
. 064000
-564. 39
2734,
. 004008
-1069.68

Y ¢l
0.0¢ 1997.39
0.60 2542.13
0.00 32264
8796. . 2297
9.00 4391.99
0.00 3870.70
0.60 3031.25
30926406 . 1255601
0.8 WM
JT6S0EH0T 1.9
14636407 9457E-8]
0.00  3298.96
31822447 . 1001
LOSTEHS 5,749
JbA85E+08 L1584
43940405 L 4846E-9)
J17B9EH8S L 2869E-40)
A L2000
6.0 -2384.42
LO880EH06 . 9344E-01
8315, SI4TE-91
JAREHS 176
1S Th26E0]
2.8 -3281.4]
JA20EHS L2016
6.00 -274%.97
1897. 79
6.80 -1341.97

119

L 0]
0.00 -60960.41
6.00 -64019.63
0.80 -38284.12
1000600 . 1000E-01
9.00  1329.76
0.00 -240.66
6.0 -4251.88
.1000E-85 . 1000E-0]
6.60  535.29
. 1008605 . 1000E-01
J1000E-05 . 1008E-01
0.00 -22226.82
100005 . 1000E-0]
. 1000E-05 . 1000E-01
1000665 . 1000691
L1000E-05 . 1006E-0]
. 1000E-05 . 1000E-01
L10006-65 . 1000E-0]
0.00 -11439.36
100N . 1000E-9!
.10det-65 . 10eet-9]
L0095 . 6ME$)
LJ00E95 . 10ME-4]
6.00 25693.87
LJ0ME-85 | |096C-v]
0.00 20234.29
CI900E-85 . 1000E-9]
9.0 -4141.75

.60
8.09
0.90
. 1600E-8]
0.00
0.00
0.00
. 1006E-01

0.90
. 1900E-0]

. 168E-91

0.00
. 106001

. 1000E-01

. 1000E-91

. 1600E-61

. 1600E-01

. 1080E-0]

0.9
. 100041

Lo )

. 1000641

. 1000 2]

0.0¢
. 1068t 01

0.0
. [edar 4!

0.0



R B

T

.

cSEEEIIE
2z3T3TETES

13
t & 4

112,90
1160.00
1200.00
1240. 00
1280. 00
130.8
1368, 00
1400.00
1440.00
1400.8
152,08
1560.00
1608, 86

971
3520
3341
3167
A9
4762
4337
A345
4170
4602
3845
3720
<3627

-.81
-39.26
-49.21
-u.19
-4.26
%5.78
45.82
3.8
47.84
31.98

9.92
15.57

1

43,79
2.8
31.59
14.69

3.38
18.73
K
$3.29
56.79
73.96
92.51

1

seceessses

TITTTTTE2:

S
- 3 B

o

Fom o =
g3

0.68
0.0
0.00

-3972.93
-2495.22
-2093.33
-2289.57
-2222.08
-1365.59
-599. 07
~343.463
-432.68
-778.39
-1271.97
~1214.54
-1125.98
-473.68
-945.%9
919
-§58.:35
-988.21
-746.80
-498. 66
-323.97
-154.99
-12.47
166.73

120

1167.08
1370.32
1335. 61
1168.87
799.24
-217.48
-878.26
-928.73
-718.26
-346.89
314.99
508. 95
578.28
584,468
350. 07
469.42
398.72
329.70
40.49
=216.63
-391.91
-526.44
=352.15
-585.68

9.09 -24745.95
0.80 -4571.67
0.60 -374.21
0.00 -5302.88
¢.90 -17244.61
0.00 -10672.%¢
0.60 -2188. 4
.00 422,49
0.0 -1363.83
0.00 -5640.72
0.00 -10144.56
0.00 -7250.55
0.66 -3045.11
0.00 -1058.14
0.00 -1200.28
0.00 -3197.98
0.00 -5874.87
0.00 -7943.00
0.00 -5769.17
0.0 -3422.10
0.0 -1492.59
0.06  983.5%
0.60 324258
0.00  5098.47

9.90
0.00
0.08
0.00
0.00
0.60
0.00
0.00
0.00
0.9
6.0
0.00
0.09
0.60
0.00
0.00
9.00
0.00
8.0
0.00
0.00
0.00
0.00
.80

1i
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[

DATE:
RUN DESCRIPTION:

VEHICLE DECELERATION:
CRASH VICTIM:

19-1AY-82

AIRFRAME
SINGLE MAN(95.)-SERT

SEGMENT LINEAR ACCELERATIONS (G*S) IN LOCAL REFERENCE

POINT ( 0.00, 6.0, 0.00) ON

T SEGMENT NO. 1 -
(WSEC) X Y z
9.000 -.216  0.000 976
40.000 =216 0.8 976
0. 000 -216 0,000 976
120,000 -.216 8,000 976
160, 860 -216 0.0 976
200. 000 -.077  0.000 A2
249,000 -14.591  0.000  -7.495
264, 000 1435 e -3.471
320. 000 -10.021  0.000 -84
360, 000 283 6.000 8.64
4.0 8.535  0.006 10.788
440,000 -2.696  0.000 24.650
489. 600 -42.947 0.0 12,074
529. 000 =23.371  0.%00 -40.983
360,000 JA36 0 0.000 38,503
660. 000 -3.619  0.080 -31.032
649,000 -16.679  0.000 -18.4&9
680.000 -27.838  0.008 2,59
720,000 -19.526 0.8 13.31)
760. 000 -16.24 0.0 12,532
509,000 -18.839 6.0  9.843
849, 000 -19.431  6.000  1.302
890, 000 -14.767  0.008  -4.907
929. 000 =9.132  0.080 -10.49
950.009 <7161 .00 -10.286
1864, 000 -1.97¢ 6.0 -8.361
1040, 060 -10.291  0.000  -5.076
1650, 000 -1 0.0 - 157
1129, 000 -1.182 6,000 3,589
1160.600 €6.92 M 5737
1200, 999 -1.260  0.089  6.891
1240. 08¢ -6.979 0.9  5.4%0
120¢. 004 <1579 0Me 419
1320, 000 -7.426 0.9 2.283
1369, 009 -3.000 0.0 9%
1404, 004 -2.379  0.000 .3
1440, 600 1797 6k - 224
1469, 604 M9 0 .52
1529. 000 B9 6.900 728
1560, 600 =573 0.0 -1.276
1600, 600 - 032 e -1.52

RES

0.009

SEGHENT NO. I -
Y Z
0.000 976
0. 000 976
0.000 976
0.000 976
9.000 975
0,809 350
0.000 -13.648
0.608 -11.617
0.000 -3.49%
0.000 11.632
0.000 15,912
0.000 33.89!
9.000 -.578
0.000 -566.125
9.000 -49.011
0.660 -35.413
0.000 -28.364
0.000 -3.32
0.000 18.625
0.000 18.44%
0.000 11.126
0.000 -2.649
0.00¢ -12.127
0.600 -14,515
0.000 -13.477
0.000 -11.6%0
0.000 -8.212
0.000 -7.652
0.000  3.440
0.000 7.0
o0 878
0.000 .74
0.8  5.165
e.6@  1.517
0.000  -.849
0.000 -4
0.006 -1.100
0.000 41
0.009 A2
6.900 -2,03

-2.344

95TH NAN-SEAT SEGHENT IN AIRFLOW (DANTE CONDITION NO. 2)
AIRFLON PLUS SUSTAINER AND STAPAC ROCK
AIRFLOW PLUS SUSTAINER AND STAPA. ROCKETS PLUS DROGUE CHUTE

FOINT ( -6.13, 0.00, 9.51) ON
MS

RES

HEEEIE

=R
g

3.236

PAGE: 21.61

SEGHENT NO. 2 -
Y z
0.000 976
6.000 976
0.009 976
9.000 976
0.000 976
0.000 976
0.000 - M9
0.060  -.303
0.004 -4.215
0.000 -43.730
0.000 -41.34]
0.000 8.1
0.000 42,735
0.000 43.047
0.006 -21.358
0.000 35,740
0.000 -30.333
0.000 -14.801
0.000  3.8%
0.600 13.778
0.000 12,434
0.006 8,85
6.000 3,03
6.0600 -2.489
0.006 -4.348
0.008 -7.519
0.000 -4.92
0.000 -5.002
0.000 -1.925
0.0600  1.491
0.600 3.3
¢.000  4.581
0.000  4.78l
6. 000 781
0.600 .96
0. 400 .96
0,000 997
0.000 2,437
9,000 A%
6.00¢ |.000
0.000 LT94

POINT ( 0.0, 0.60, 6.00) ON
CH

RES

89":“:"?‘:‘:“?‘
sE3EEES

5

30.381

26,347
29.431
1. 000
1,604

¥4



VEHICLE DECELERATION:
CRASH VICTIM:

DATE:
RUN DESCRIPTION:

19-MAY-82

F9TH MAN-SEAT SEGMENT 'N AIRFLOW (DANTE CONDITION NO. 2)

AIRFLCW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

ATRFRAME
SINGLE MAN(957%)-SEAT

SEGMENT LINEAR VELOCITIES ¢ IN / SEC) IN VEMICLE REFERENCE

POINT ( 0.06, 6.00, @.00) ON

X

-98.713
-98.713
-98.713
-98.713
-98.713
-98.713
-255.834
-466.79%9
-619.859
-687.724
-045.678
-1099.385
-1629.286
-2332,792
-3002. 786
-3527.927
-3733.969
-4348, 407
-4745.014
-%73.315
-3384.515
-369v. 685
-5969.949
-6199.275
-b491.172
-6385. 500
-6761. 345
-6939.841
-5, 291
~7297.98b1
-7459.837
-7391.847
<T726.732
-1957.772
-7918.54%
7955, €82
-7981.457
-8000. 744
=795, 23°
-7968.768
-7987. 966

Ssm m: 1- m

Y l RES

0.600 -527.501
0.600 512,857
0.900 495,614
9.600 -431.170
0.000 -465.727
0.000 -150,450
0.900 -508.308
8.600 -620.998 776,867
6.600 -769.180 967,958
0.000 -622.941 1672.472
0.000 -700.866 1098.3%5
0.600 -611.758 1258.132
0,000 -697.014 1763.847
0.008 -623.034 2473,723
0.600 -932.120 3144.133
0.608 -967.048 3563.404
0.889 -992.595 4976.65
0,600 -923,962 4445.487
0.000 -877.408 4825.45¢
0.000 -878,558 5148.841
6.000 -893.736 5458. 183
0.006 -879,300 5758.414
.00 -835,138 46028.609
0.600 -009.315 625,860
0.000 -791.303 6449.89%%
0.000 -769.066 6631.327
9.800 -735.343 £301.283
8.008 -687.854 £973.846
0.000 641,951 7154, 151
9.000 -416.824 7323, 065
0.000 -604.300 7475,352
6. 008 -596.253 7615.225
8,000 -568.250 7749.62
6.000 -573.00 7878.494
9.000 -554.543 79.7.936
90.008 -302,421 7972.877
8.090 -514,885 79v3.e49
0. 000 -504.9.C 8916, o047
0.000 -50..439 7966, 100
0.600 -397.166 7734, 207
6.000 -493.722 80€5.204

336,638
521.485
6,329
491.192
476,073
461,140
569.959

POINT { -6.13,

X

-98.713
-98.713
-98.713
-98.713
-98.713
-98.711
=366, 350
-523.533
-583.446
-616.129
-849.195
-1186. 676
-1557. 409
-2032.733
-2947.789
-3501.27¢
-4151.584
-4507. 881
-4758.383
-5074, 745
-5362. 49
-5%0.718
-5846. 449
-6131.528
-6398.738
-6642.03
-6858. 195
-7638. 443
-7181. 669
-7310.692
-7451,423
-759¢. 464
-7710.678
-7810, 926
-7656.238
-1892.735
-7925.240
-7745,995
7368, 735
7391, 697
-7924.814

8.06, 9.51) N

SEGMENT NO. | - MS

Y Vi RES

.000 -527.501
0.600 -512.657
9.000 -496.614
8.000 -481.17¢
9.000 -445,727
0.000 -450.449
0.000 -558.148 436,694
6.000 -765.069 927.048
0.000 -933,654 11060,454
0.060 -9€3.759 1693.793
6.900 -704.967 1€756,771
8.000 -520.2¢8 1293.142
0.000 -317.320 1539,403
6.000 -009,319 2184.627
0.000 -96¢.043 3102,134
0.900 947,276 3723.777
. 000 -995.326 4269.239
9.000-1668.412 4637.417
9. 000-1083,.957 4363.141
@,008 -8460,477 5147.179
0.008 -773,085 5417.929
8.060 755,222 5634.568
0.000 793,612 59909.936
0.606 -B8i1.289 6184.948
6.0 -791.676 6447.527
6. 608 -765.999 6684, 040
0.000 -750,362 £8Y9.907
0.000 -758. 444 7679.189
9.000 -739.262 7219.617
6,000 -568.658 7343.179
8,000 -624,696 7477.543
8,000 -565.954 7611.°3
8.000 -519,.277 7728. 144
6.008 -492,976 7826.448
0.008 -459.245 7872. 65
0,006 -00].748 7998, 857
.00 -501.253 7929.080
0.000 -502.433 7961, &4
0. 099 -519.922 /834, 143
€.000 -5de.745 /910,311
9.000 -548.97¢ 794,969

521,485
596,329
491,192
476.073
461,138

POINT {
SEGMENT NO. 2 - [H

X

-98.713
-73.713
-96.713
-98.713
-$8.713
-93.713
-314.879
-540.516
-934.011
-1614.648
-1230.632
-2031.445
-2036.729
~2017.564
-2358.123
-3523.553
-3996.631
-4323. 904
-4544. 416
-5048,218
-5454. 044
-5768. 303
-5875.547
-6877.138
-6343.699
-6582. 884
-6784.829
-£934.844
-7049.9823
-1238.126
-7429.702
-7611.438
-17LTY
=7652.647
-7372.6b¢
=7372. bk
7372.608
-7397.84%
-8457.342
-64¢8.957
-B448, 557

PAGE: 22.91

6.09, 9.09, €.60) N

Y Z RES

.000 -577.59!
0,000 -512,457
0.000 -496.614
0,000 -481.17¢
8,000 465,727
2.000 -450,283
0.009 -487,487 580,99
0000 462,979 711693
0.0600 -454.427 1938673
8.000 -£10.503 1154, 208
9. 900-1333.977 1814,939
0.000-1622.263 599.72435
0.000-1116.105 2327, 489
9.800 -210.674 2041343
9,000 -165.402 2363.465
0,000 -542,390 3568.152
0.000-1024,122 4127.69
0.090-1316,223 4518.939
0.909-1375,523 4761.444
0.69%-1133.573 S166.119
€,000 -879.377 5524.432
0.600 -698.616 5750.894
9.909 -597.801 5905.82
8.000 -574,462 5104.271
0.000 -513.975 6373.70
0.668 -687.769 5618.768
0.00¢ -767.867 5828,643
0.906 -633.389 484,748
9.000 -8L2,799 7122.28i
0,000 -835.97¢ 7286.24!
0,009 763,134 7468,7%
0.699 -572.458 7441, 0686
9,009 -564,945 7793.741
0,000 -544.143 7630.219
9.006 -553,272 793,378
8.900 -537.828 7392.25¢
B9 520, 3T 791,151
0,008 -563,500 7414.5¢]
0.0 - 428,615 8448, 01¢
0,00 -409. 163 BA7R. 43
6. 000 -395.7.5 8477760

936,638
521,885
906,329
491,192
476,973
460,975



——

DATE:

RUN DESCRIPTION:
VEHICLE DECELERATION:
CRASH VICTIM:
POINT {
TIME
{WSEC) X
8,000 3.926
40,0600 -0
80. 000 -3.971
120. 600 -1.919
160, 006 -11.868
200,600 -15.816
240,000 -21.88
280.600 -36.488
32,000 -58,551
350. 600 -B84,543
£00.000  -115.102
4Ho.600  -153.2%7
480,000  -206.65
520.000  -285.639
350.000  -392.758
bp0.800  -523.748
640.000  -673.719
600,000  -839.487
720.000  -102!.636
768,000  -1216.195
800,000  -1427,34!
840.000  -1648,971
880.000 -1882, 334
920,000  -2125.634
960,600  -2377.912
1006.000  -2607.713
1043.000  -2904.5696
1080, 006  -3176.672
1129.006  -5460.813
1160,000  -3748.514
1200.000  -4043,539
1240.680  -4344.415
1260.600  -4050.793
1320.000  -4962.51%
1350.000  -5278.283
1400,000  -5595,798
1449.600  -5914.5%
1480.008  -46734.0%
1329, -6353.272
1360. 068 -6871. 4689
1600.000  -7199,775

SEGENT NO. 1 - MS

19-MAY-62
95TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITICN NO. 2)
ATRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE
AIRFRAYE
SINGLE MAN(95%)-SERT

PAGE: 23.01

GEGMENT LINEAR DISPLACEMENTS ( IN ) IN VEHICLE REFERENCE

0.08, 0.00, 0.00) ON POINT { -6.13, 0.89, 9.51) ON

SEGMENT NO, 1 - M5

POINT ¢ @.08, 0.00, ¢.068) (N
SEGMENT NO. 2 - CH

Y Z RES X Y Z RES X Y z RES
6.06¢ -10.611 1:.314 -.000 0,000 -.000 L0606  -178.018  0.000 34,846 181.396
6.600 -31.463 31.433 =3.949  0.000 -20.791 21.163  -181.986  @.80¢ 14,855 182,548
0.000 -51.576 51.729 ~7.897  0.000 40,965 41.719  -185.915  0.000 -6.119 186,815
0.680 -71.132 71.571 -11.846 0,000 -60.520 61.469  -189.843  0.000 -25.674 191,591
6.006 -90,070 90,848 -15.794 0,080 -77.438 81.013  -193.812  0.00¢ -84,612 198.359
€.000 -108.390 169.539 -19.747 0.080 -97.778  99.752  -197.740  0.000 -67.932 207.53%2
0.600 -127.232 129.987 -26.620 0,009 -116.995 119,986  -206.793 0,080 -£2.082 222.45!
6.000 -149,589 133.975 -45.040  6.000 -142,186 149.143  -223.276  0.000 -101.115 245,165
0.000 -177.417 184.829 -67.784  0.000 -176.861 189.387  -252.249  9.00¢ -119.318 279.239
0.600 -209.816 226.269 -95.025 0,000 -214.678 234.220  -296.127  ©.608 -139,223 327,22
0.600 -240,626 206,739  -124.505  0.009 -246,919 276,533  -333.617  0.049 -179.038 378.622
0.000 -266,570 507.486  -163.591  @.696 -271.177 316,701  -403.457 0.0 -235.929 4L9.849
0,000 -292.038 357.761  -216.573  0.040 -286.5% 359.218  -482.766  0.808 -296.6%3 566,442
0.000 -322.491 430.795  -282.686  0.000 -311.564 420.695  -565.428  0.00¢ -324.524 451,939
6,008 -257.949 531.400  -383.950  0.0600 -350.847 529.187  -652.846  0.600 -331.141 732,026
0.000 -396.849 656,874  -515.355  0.000 -368.861 645.603  -776,823  0.600 -344,861 549,268
0.000 -436,151 ©602.574  -670.187  0.000 -425.429 792.746  -927.299  0.600 -376.945 1900.985
0.000 474,723 964.501  -€44.650  0.008 -444.595 983.992 -1094.33¢  0.600 -424,430 1173.734
0.000 -510.524 1142,093 -1031.853  ©.000 -505.662 1147.692 -1271.663  9.000 -478.398 1356.049
0.000 -545.513 134,759  -1229.128  6.00@ -542,401 1343,547 -1463.159  0.000 -529.198 1555.919
0.000 -581.029 1541,0689 -1437.184  0.00 -575.413 1543.695 -1673.773  0.000 -569.264 1767.938
6.000 -616.627 1760.445  -1654.539  0.000 -066.804 1762.363 -1897.366  0.000 -660.560 1999.143
0.900 650,899 1991.697 -1882.173  9.000 -639.586 1987.875 -2129.194  9.900 -62¢.220 2219.373
0.600 -682.731 2233.063  -7121.765  0.008 -673.174 2225.994 -2347.929  0.008 -449.475 2455.379
0.000 -715.747 2463.296 -2372.580  0.000 -705.768 2475,328  -2616.311  0.000 -675.006 2701.4%
0.0v0 -746,976 741,442 -2633.37¢  0.606 -735,528 2734.430  -2674.985  0.000 -699.957 29958.730
0,000 -777.131 3086.857 -2993.396 6.4 -765.891 3042.715 -3142.473  0.608 -723.075 3225.713
9,000 -605,638 3279.183  -3!81.826  6.000 -794.793 3079.599  -C417.641  0.004 -750.154 3504.572
0,000 -832.184 3558.683 -3467.362  0.0600 -823.581 2563.830 -3697.054  0.666 -794.256 3781.448
6.600 -657,299 3845.299  -3756.273  @.000 -851,574 3653.544  -3963.094  6.804 -818.424 4068, G2
6.000 601,693 4138.542  -4055,099  0.009 -077.659 4148.012 -4276.431  0.009 -B48.514 4362.149
6,000 -905.701 4437.819 434,964 0,000 -901.456 H447.226  -4577.32¢  0.608 -837.242 4662.897
3,000 -929.401 4742,753  -5660.339  0.000 923,219 4750.924  -4335.066  .000 -914,357 4967992
0.600 -952.673 5053.137  -4969.862  .00¢ -944,049 SH56.7F5  -S197.419  0.609 -936.348 5261.694
0.00¢ -975.257 5367.625  -52B2.555 0.900 -964.786 5359.93  -H493.854 0.9 -936.6b4 5576.87¢
0.000 -795, 969 5683.919  -5597.134 0,608 -985,753 5483.2756  -5784.761  0.606 -989,488 5871.21¢
0.000-1317.911 boe1, 59  -5913.326  6.000-1006, 664 5998.401  -6883.668  0.000- 161,693 6165.582
0.000-1836,269 6320. 185  -6230.768  0.008-1027.493 6314.939  -6378.614  0.906-1022,274 H466.613
€,000-1658,378 £638.183  -6547.351  €.000-1048.736 663,811  -6L¥5.096 0. 000-1040,953 6770.53¢
6.000-1078,374 6935,710  -¢363.677  €.504- 070.944 £946.132  -7613.784  6.600-165/.683 7112651
0.000-1098. 199 7274.150  -7180.392  9.000-1093.907 7253.152  -7372.527  9.099-1873.661 745€.295
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DATE: 19-MAY-82 PAGE: 24.81
RUN DESCRIPTION: 95TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITIOW NO. 2)
AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE
VEHICLE DECELERAT ION: AIRFRAE
CRASH VICTIM:  SINGLE MAN{93X)-SEAT

SEGMENT ANGULAR ACCELERATIONS {(REV/ SECH2) IN LOCAL REFERENCE

TIE SEGMENT NO. 1 - NS SEGMENT NO. 2 - CH
{NSEC) X Y z RES ¥ Y z RES
0.000 0.000 0,000 0.000 0.000 F.008 6.000 0.000 0.009
44.000 6.000 0.000 0.000 0.000 6.000 0,000 0.000 0.000
9. 800 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
129, 0.000 0.600 0.000 0.000 0.000 0.000 0.000 0.000
160,000 0.000 0.000 0.000 9.000 0.600 0.0 0.000 0.000
200.600 0.600 053 0.000 033 0.600 0,000 0.000 0.000
240,000 0.6000 -37.430 0.000 37.430 0.000 -10.992 0.000 10.902
20%. 600 6.006 -19.123 0.0¢0 19.123 0.006 -9.917 0.000  9.917
320,900 0.000 9.M3 0.0 9.043 0.000 -54.819 0.680 54.819
350, 000 0.600 31.751 0.0 31.751 9.000 B835.145  0.00¢ B3D.14
400.000 0.600 35.254 9.000 35,254 0.000 -719.542  0.008 719.542
440, 600 6.000 78.628 0.0 78.528 0.000 -423.782  0.080 423,782
450. 000 0.060 35.664  0.000 35.044 0.000 727.879 0.004 727.879
520,000 0.600 -85.501 0.000 85,50l 0.008 -372.654  0.000 372.6%4
560, 060 6.000 08,196 0.000 F..9 0.000 142,968  0.000 142.988
600. 000 0.000 -34,148  0.000 44.148 0.004 -59.508 0.008 59.5e8
640,009 0.900 -28.976  0.008 28.976 0.000 14,851  0.006 14.651
689 000 6.000 9.910 0.000 9.910 0.000 -6.187 0.000  6.187
729,600 0.000 52.¢73 9.0080 52.973 0.000 -3.822 9.000 3.82
760, 000 0.000 41,103 0,000 41,103 0.8 2,833 0.006 2.833
500,000 0.000 28.886 0.00¢ 28.806 0.000 2,265 0.080 2,265
849, 000 0.000 -1.237 0.000 1,237 0.000 1.9 0.000 1.9
850, 600 0.000 -19.172 0.00¢ 19.172 0.000 1,873 0.006 1.873
729,060 0.000 -23,376  0.080 23.376 0.000 451 0,000 .651
959,000 0.000 -21.926 0.080 21.92 8.000 427  0.000 A2
1000, 004 0.000 -18.39%0 0.000 18.3% 0.000 -.897 0.000 897
1049, 000 8.600 -12.633 .09 12,053 0.000 -1.113 6080 [.1I3
1089. 000 0.000 -2.972 0.0080 2.972 0.000 1,507 0.000 1.507
1120, 669 0.006 9,452 0.8  9.452 0.000 -1.4% b0  1.49
1148, 6¢ e.000 17,216 0,008 17.21% 0.000 -.431 0.600 431
1294, 609 0.000 18.665 0.009  18.665 0.009 BN N 336
1240. 000 0.000 16,529 0.000 16.529 8.000 J4S 6,008 LK)
1200. 60 0.000 11474  0.000 11.474 6.009 A73 0 0.008 473
1329. 0600 0.000 3.279 0.600 3.279 0.000 £.243 0.000 B8.243
1359. 089 8.600 -5.649 0.0  5.4649 9.000 0600 0.0 0.0
14040, 600 0.000 -4.117 6.000 4,117 0.000 0,000 0,90 6,000
1440, 600 0.600 -2.576 0.888  2.57% 0.000 0.000 0.00¢ 0.089
1490, 60 0.600  1.98 0,000 1.968 0.000 -50.568  0.000 56.548
1520. 004 0.000 5.9 0.0 5.9 0.000 26.658  0.000 28,043
1369, 000 0.000 2,306 0.000 2.3% 0.000 0.000 0,000 0.000
1609, 609 0.000 3,626  0.006  3.626 0.000  2.000  0.080 0,000
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DATE: 19-MAY-52
RUN DESCRIPTION: 95TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 2)
AIRFLOW PLUS SUSTAIMNER AND STAPAC ROCKETS PLUS DROGUE CHUTE
VEHICLE DECELERATION: AIRFRAME
CRASH VICTIM:  SINGLE MAN{(9SL)-SEAT

PAGE: 25.8]

SEGMENT ANGLLAR VELOCITIES {REV/ SEC) IN VEHICLE REFERENCE

P A

LRS- S aPy

e SEGMENT N0, 1 - S SEGMENT NO. 2 - (H
(MSEC) X Y z ES X Y 4 RES
0.000 0.000 0.000 0.000 6. 0.000 4.800 0.090  9.08¢
40.000 0.000 0,000 0.60¢ 0.009 6.080 6,000 0.000 0.00¢
60.600 0.000 0.000 0.000 8.000 0.800 0.000 0.000 0.600
120. 000 0.006 0.000 6.000 .90 0.000 0.008 0.90¢  0.600
160, 009 0.000 0.690 9.900 0.6%0 0.000 6.000 6.000 5.0686
200,000 6.00¢ B0 0.809 A 6.000 0.000 0.006 @M
248,000 0.008 -9 0.8 .598 0.000 -.152  6.008 152
260. 004 $.060 -2.178 0.886 2.178 9.000  -.687  9.000 487
320. 009 0.68¢ -2.381 068 2.34 9.000 211 9,008 2
350,600 0.808 -1.519 0.866  1.519 9.080 -2.078 6.086 2,978
LN 0.689  -.89%  0.609 .96 6.000 1,782 6.0060 1,782
444. 800 o080 1774 &.889 1.7T/4 6.066 1.517 9.008  1.517
450. 660 8.6  5.413 9.8 5.413 0.006 -1.834 0.000 1.834
526.69¢ 0.5 4233 .08 4.1 0.000 o, 9.000 R
568, 060 2,00 .98 0.8 .58 $.000 A3 b.000 434
580,089 0.960 -1.174 o880 114 0.000 361 8,008 e
549, 096 §.060 -2.706 0.086 2.799 9. 004 92 9,008 .692
669. 089 8.009 -3.222 4.¥ 3222 0.006 -0 9.0M 65
728,968 0.688 -1.787 608 1787 6.0 -.215 0.6 215
754,99 8.80¢ WoTREE N 257 0.800  -.167  0.06 187
580, 00 .00 L7 o060 17D 0.000  -.852 4,080 X
34e. 000 o890 1.3 5000 2,38 0.000 -.007 Q.00 487
864, 600 .00 1.833 8.6 1.833 0.908 N NN .61
920, &6 §.000 53 6,906 933 .00 J19 8.0 A9
769,666 666 AN 35 0.069 JA22 0 b.eed A2
1866, 009 8.606  -.731 8.0 181 0. 800 A9 8080 .893
1044, 806 00 -39 e 1.3% 0. 904 A4 6008 84
1836, 900 .90 -i.766 6.0 1.7 2, 800 081 ¢899 . 041
1120, 660 6.000 1,567 S.ode  [.5%2 8,000 -3 4,699 863
1169, %68 8.5 -1.021  o.6m 1.0 8.00¢ 102 9,899 162
1269, 609 6,800 -.207 o098 .8 f.006  -.077 9,800 897
1246, 660 €. 068 Ny N A . bee SR B0y
1280, 806 ¢. 58 L9 6588 . 956 8.000  -.844 4096 644
1329, 604 9.040 1314 0908 1.Ui4 2. 289 B LR ) B4
1364, 08¢ 6.800 1172 et 1172 8.600 - 8i4  0.6e@ O]
1406, 009 8.6 87T 9,689 L1 2.0 -84 oM L0148
1448, 663 0. 00 B4l 6.08¢ N2 .64  -.eld 6.0 .614
1430, 009 ¢. 869 TS .89 77 9.609 49 dee 149
1520, 090 6.600 1169 6.8  1.169 0.000  -.415  0.088 LS
1560. 009 b.088 1.243  e.kw 1243 86N -.297 deR .97
1000, 608 8.6 1379 e 1379 0.060  -.297  b.ed¢ .27
125
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DATE:
RUN DESCRIPTION:

VEHICLE DECELERATION:

19-MAY-82
Y5TH MAN-GEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 2)

AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

AIRFRAME

SEGMENT ANGLAR DISPLACEMENTS (DEC) IN VEHICLE REFERENCE

CRASH VICTIM:  SINGLE MAN(9SY)-SEAT
TIE SEGHENT NO. | - S
{MSEC) YW PITCH ROLL RES
¢. 000 0.00¢ 12,506 0.000 12,500
40,609 0.000 12,500 0.0060 12,300
80,000 0.000 12.506  0.000 12,50
129,000 0.000 12,500 0.00¢ 12,508
160,600 0.000 12.300  6.000 12,500
200,900 0.000 12.500 0,000 12.500
240, 060 0.600 7.601  6.080  7.001
200. 900 0.000 -16,289 6.0086 16,289
320. 600 8.000 -50.313 0.080 59,313
360,000 0.000 -79.322 9.000 79,322
490, 090 0.000 -96.987 0.000 90.987
449, 000 9.000 -81.223 0.004 31.23
460, 000 0.000 -28.411 0.600 28.411
320. 000 0.000 47,685 0.000 47.885
369, 000 0.000 83,925 0.00¢ 83,925
600, 909 9.900 50.685 0.0 84.565
640, 000 8.000 51.424 0,000 S51.424
688, 9% 0.000 6.3 0.000 63N
720. 000 0.000 -31.745 0.000 31,745
750, 600 9.000 -42,232  0.000 42.282
500, 090 0.000 -27.439  0.000 27.439
840, 000 9.000 3.033 0.000 3.633
£09. 804 0.000 33.628 0.000 33.628
929, 000 0.900 53.685 0.600 53.885
960, 000 0.000 60.920  0.000 60.929
1009, 600 0.000 T0.381 0,000 55,381
1640, 000 0.000 39.481  0.000 39.401
1439, 00¢ 0.000 16.615  8.80 156,615
11290, 000 0.600 -7.699 Q. .69
1160, 664 0.000 -26.797  0.000 26,797
1200, 04 0.000 -35.279  6.08 34,279
1249, 604 0.006 -35.171 0.888 3.171
1208. 299 0.000 -24.683 Q.060 4.4
1320, 08¢ 0.600 -7.458 0.6  7.683
1368. 008 0.006  10.625  0.000 16,525
1409, 00¢ 0.000 20,019  6.006 26,019
1449, 000 0.000  39.035 0,000 39.6%
1489, 060 0.000 50.559 0.0 9.5
1520, 000 0,000 54.358  0.000 64,058
1560, 680 0.004 81,755 0.0 81.7%
1600. 609 0.000 180.563  0.606 189,563

YA

0. 600

sesre>s

t3333323%

SEGMENT NO, 2 -

PITCH ROLL
12,500 0,000
12,500  0.009
12506 6.600
12.560 6,000
12,506  0.000
1250¢  0.000
12.601  0.000
5,939 6.000
16,685 0.6
18.529 0,000
19.290 0,000
9,726 6,000

A0 6.008
-1.374  0.000
2.894  8.000
8.796  0.080
11,543 0,600
11,956 0.900
9.665  0.600
6,655  0.000
5.843  8.600
4,548 0.0
4,92 6.009
6,280  9.000
8.675  6.000
9.636  9.009
10.698  0.000
1117 6.098
10.671  0.008
9,434 H.0¥
7.956  0.004
6.795 .00
5.962  9.000
5.3 0.008
5.124  0.6d¢
4,929  9.000
4,716 0.0
4432 4.0
2.612  d.609
-1.793  o.00¢
-b.036 8.0

126

RES

12,5600
12,500
12,508
12,500
12,500
12,500
12.601
5.939
16,045
18.529
19.299
9.726

.489
1,374
2.8694
8.796
11.543
11.95%
9,565
6,635
5.043
4,548
4,92
6. 280
8.475
9.636
10. 698
1. 117
1a.671
9.434
7.958
6.79%
9. 962
9.33%
5. 124
4.9
4.716
4,432
4.612
1.7%3

6.83

PAGE: 26.61
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VERICLE DECELERATION:
CRASH VICTIM:

[}, 3
(MSEC)

0. 0600
46,980
89,000
129,669
166,000
200, 000
249,609
289,000
320.060
360,000
404. 00¢
440,000
499, 000
929. 069
560, 000
600, 000
540,000
689,000
729, 000
760,600
860, 000
849,004
689, 6b0
929. 600
@0, vl
1009, 600
1846, 000
1089, 690
1120, 666
1168, 000
1204, 000
1240, 009
1289, 000
1326, 0090
136¢. 064
1403. %04
1440. 000
1480, 004
1520, 660
1568, 600
1600, 600

DATE:
RUN DESCRIPTION:

LENGTH
(IN)

19,196
18.196
18,196
10.196
16,196
18,194
11,583
37.143
28.203
52.979
97.732
78.456
90. 106
92.979
9.971
74.207
72,427
71.036
68,611
62.913
61.168
68.133
5%.329
97.476
35.891
54.827
54,039
53.59
52,784
51,522
50,445
49.647
47.040
47.595
27.474

7.696
19.91¢
42.757
42,893
24,362
31,165

19-HAY-82

95TH MAN-SEAT SEGMENT IN AIRFLOW (DANTE CONDITION NO. 2)
AIRFLOW PLUS SUSTAINER AND STAPAC ROCKETS PLUS DROGUE CHUTE

AIRFRAYE

SING.E MAN(952.)-SEAT
SPRING DAMPER FORCES
SPRING DAMPER MO, |
SEG IIM5) -SE6 20 CH)

FORCE
(LB)

TITEITEI

-
P 4

6.00
1557.43
2127.81
14,74
6012.74
6398.77
4795.52
4104.8)
3891.29
3724.28
3361.31
2749.55
542,58
416,01
2318.38
2697.10
19%¢2.17
1779.23
168465
1431.57
1524.74
1332.58
1233.39
1157.62
1864, 62

1.8

0.0

.00

0.00

33.87
a71.21

0.0

.90

SEG

SPRING [AHPER NO. 2

1M ) -SE6 2(CH)

LENGTH
(iN)

16.196
19,196
10.196
19,196
19.196
19,196
11.583
37.143
28.283
92,979
57.732
78.456
99.106
92,998
79.971
74.207
72,427
71,936
68.411
62,913
61.183
60.133
59.320
57.476
3.691
54.827
H.09
33.5%6
52,766
51,522
50,445
49.647
49.049
47.595
27.474

1.696
19.916
42.757
43.093
28.362
31165

FORCE
(LB)

sesesss=
EEITLE

4.
0.00
0.00
1557.43
2127.81
414,74
6012.74
$358.77
4796.52
4104.8)
3891.29
3724.28
J361.31
2749.55
242,58
2416.81
2316.38
2097, 10
1992.17
1719.23
1684, 65
1631.57
1524.74
1362.5¢
1293.9
1157.62
1e34.82
9113
0.60
4,99
.60
Xe.87
7.2
0.00
6.6

127
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'.'.'uf.'

.-.‘-4...4 - &

L

1 ELAPSED CPU TIME = 13.76 SECONDS

SUB CALLS TIE 1
MAINSD | 5 K]
INPUT | 11 .60
CHAIN 2124 13 B
DINT 4 201 14,67
PDAUX 249 205 15.69
Daux A2 197 14.38
SETWP| 2123 2 1,33
CONTCT 223 3 %3

23 104 7.59
WINDY 24 129 B.76
SPDAP 2123 70 .11
VISPR 223 z 1.64
EJOINT 2123 17 1.24
SETUP2 A 7 )
DAUX 1 2123 23 1.68
DAUX12 2123 17 1.24
DAUX22 AR A L.75
FSmMsoL 2123 16 1.17
UTALT 427 N 5. 47
UPDATE 426 3 2
Dzp An 93 6.79
FOSTPR | LX) 3.14
OTOTAL 1376 100,00
EOR



I CSA  NOS/BE LS30H LS30H-CIR1 03/15/82
18.12.67.CB19LMC FROM /9L

13.12.07.1P 0600123 WORDS - FILE INPUT , DC 04
18.12.67.6Bi, T2, 1036, CM327000, STCSA,  LU0AT64/
13.12.07. BUTLER

18.12.63.ACCOINT T0 KE CLOSED AT END (F MONTH
18.12.03.CAL YOUR OCR

18.12.98. INTERCGM BATCH JOB - NO LECK

18.12.08. ATTACH, ATBN, ATBGRAIRFLMBINARY 1962, MR=1 .
18.12,09.AT CY= 001 SNSAFIT

13. 12,99, ATTACH, BPLT, CCPLOTS4}, SN=ASD, 1D=L 1BRARY.
16.12.09.AT (Y= 799 SN=ASD

18. 12,09, ATTACH, AIRFLOW, ATBGEAIRFLOWSSTHINAUT, CY=
18.12,69.11.

18.12.69. ATTACH, TAPE 19, SHAERD, ID=FDLTR7457, SN=AFF
18.12.09. 1L, MR=1.

18.12, 10, AT CY= 999 SN=AFFIL

13.12.10.WP, N,

18. 12,10, LIBRARY, BALT,

18.12.10.LD3ET, PRESET=ZER(.

18.12. 10, ATBM, ARFLOW, FL=12600.

18.16.01,  510p |

18.16.81, 275400 MAXIMUM EXECUTION FL.
18.16.61.  13.721 CP SECINDS EXECUTION TIME.
18.16.01.00 00416304 WORDS - FILE OUTPUT , [C 49
18.16.61.M 21888 WORDS ( 69312 MAX USED)

18.16.01.CFA 15,359 SEC. 12,516 ADJ.
18.16.01.10 11,554 SEC. 3,426 ADJ,
18.16.01.CH  2265.809 KNS, 10,4673 ADJ.
18.16.81.CRUS 26.619
18.16.81.C0ST ) 175

18.16.01.PP 7.654 SEC. DATE 05/27/82
18.16.01.EJ END OF JOB, 9L 180744,



AFAMRL ARTICULATED TGTAL BODY (ATB-I1) MODEL

DEVELOPED BY CALSPAN CORP., P.U. BOX 448, BUFFALO NY 14225
AND BY J & J TECHNOLOGIES INC., ORCHARD PARK NY 14127

FOR THE AIR FORCE AEROSPACE MEDICAL RESEARCH LABORATORY,
AFSC AERUNAUTICAL SYSTEMS DIVISION, WRIGHT-FATTERSON AFB
UNDER CONTRACTS F33615-75C-5002, -76C-8516 AND -8¢C-0511

AD FOR THE NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION,
U.S. DEPARTMENT OF TRANSPORTATION, UNDER CONTRACTS
FH=11-7592, HS-853-2-485, HS-6-0130¢ AND HS-56-01416.

PROGRAM DOCUMENTATION: NHTSA REPORT NOS., DOT-H5-841-307
THROUGH 516 (FORMERLY CALSPAN REPCRT NO. Z0-5186-L-1),
AVAILABLE FROM NTIS (ACCESSION NOS. PB-241692,3,4 AND 5),
APPENDIXES A~J TO THE ABOVE (AVAILABLE FROM CALSPAN),

AND REPCRT NOS. AMRL-TR-75-14 AND AFAMRL-TR-GO-14. 5

PROGRAM ATB-11, EXECUTED ON THE CDC CYBER COMPUTER SYSTEM,

AFSC ASD COMPUTER CENTER, WRIGHT-PATTERSM AFB, (HIO 43433 .
20-WAY-82  IRSIN= @ [IRSOUT= @ RSTIME = 0.6060 CARDS A

STH MAM-SEAT SEGMENT IN AIRFL(M (DANTE CONDITION NO. 3)
AIRFLOW FLUS SUSTRINER AND STAPAC RUCKETS PLUS DROGUE CHUTE

UNITL = IN UNITN = LB INITT = SEC GRAVITY VECTIR = [ 0.000),  @.9099, 384.6898)
NDINT = & NSTEPS = 40 DT = . 040000 HO = 608125 HRAY = |, 084069 HAIN = 80012

Ll

12 13 14 17181928021 223282852620 28279 %33
0 0 0 0 0 9 6 ¢ 0 & 3 4 @ a1 ¢ 9

QH

9 7 105 %
) ¢ ¢ ¢ @

- o
=



L)

1 CRASH VICTIN

SINGLE MWAN(ST)-CERT

SEGMENT NEIGHT
I SYWAMOT (1LB)
I M N 298.900
2 25,000
JOINT

J SYM PLOT UNT FIN
INLL ¢ @ @

2 SEGMENTS

PRINCIPAL MOMENTS OF INERTIA

( LB - SECH2- IN)
X Y Z

197.9400 185.1280 50,1659
25.0000 20.0000 25.0860

LOCATIONC IN ) - SEG(JNT)
X Y z
0.0M0

0.000 0.000

LOCATIONG IN ) - SEG(HI)  PRIN, AXIS(DEG) - SEG(UNT)

X

0.000

1 JOINTS

SEMIAXES ( IN)

X

Y

0. 000

131

Y

144,000 6.439 34.440
38.400 39.40¢ 38.400

SEGMENT CONTACT ELLIPSOID
z X Y

-9.040
0. 000

Z YAN FITCH

4,909 9.00 3.94

CENTER ( IN)

z

16 8.149
0.000 0,000

ROLL

0.00

CARD B.!

CARIS B.2

PRINCIPAL AXES (DEC)
YA PITCH ROLL
0.00 -20.84 8.09
0.0¢ @00 9.0

CARDS B.3
PRIN. AXIS(LEG) - SEG(.H1)
YA PITCH KOLL
.96 8.9 9.9

>
DS

i

|



| JOINT TORQUE CHARACTERISTICS

FLEXURAL SFRING CHARACTERISTICS

CARLSS B.4 -

TORSIONAL SPRING CHARACTERISTICS

{ |
SPRING COEF. ( IN 1B /LGHY) ENERGY  JOINT SFRING COEF. ¢ IN LE /DEG*HJ) ENERGY  JOINT .
JOINT LINEAR  CAMDRATIC  CUBIC  DISSIPATION STOP LINEAR  QUADRRTIC  CUBIC  DISSIPATI(N STOP
(g=1) (=2) (J=3) COEF, (DEG) (J=1) (JE2) (J=3) CF. (DEG)
1 N 2.000 0,000 0.000  0.060 0,000 0.000 0.909 0.000  0.000  0.000 -
CARDS B.S
JOINT VISCOUS CHARACTERISTICS AND LOCK-UNLOCK COND'TIONS :
VISCOUS COULOMB FULL FRICTION  #% TORQUE FOR  MIN TORQUE FOR  MIN, ANG. VELOCITY mpse €
JIINT  COEFFICIENT  FRICTION COEF. ANGULAR VELOCITY A LOCKED JOINT  UNLOCKED JOINT  FOR UNLOCKED JOINT  RESTITUTION-
( IN LB SEC/DEG) ( IN LB) (DEG/ SEC) (IN LB) {IN LB) (RAD/ SEC) COEFFICIEN .
1 NULL 0.089 0,00 9.9 0.7 .00 0.000
q
[ |
q
e
[ ]
®



I A

s3T5

L P

SEGMENT
NC. SYM

1K
2 (H

SEGMENT INTEGRATION CONVERGENCE TEST INPUT

ANGULAR VELOCITIES
(RAD/ SEC)

TEST  ERROR  ERROR

0.0  0.000 0.

0.060 9.

0600
.008 6000

LINEAR VELOCITIES
( IN/ SEC)
NG, AES, REL.
TEST  ERROR  ERROR

6.700  0.000 6.0000
0.000  0.000 0.0000

L e e D T e e IE LR A I R

ANGULAR ACCELERATIONS
(RAD/ SECH2)
TEST  ERROR  ERROR

.90l 100 L1089
. 061 J6b 1000

CARDS B.6

LINEAR ACCELERATIONS
( IN / SEC¥¥2)
MG, ABS. REL.
TEST  ERROR  ERROR

M Jdee L 1e
. 081 100 L1060

=



ey,

“s s
"

e

PRI
]

*

L

g <4

s o
_a oa

4

SAR

| VEHICLE DECELERATION INPUTS
AIRFRAME

Yo PITCH ROLL v

0.000 .00 9,609 )

8 PASSENGER COMPARTMENT DiSPLACEMENT HISTORY
ANALYTICAL HALF-GINE WAVE DECELERATICN
Ve= .90 N/ SEC, OBLIQUE ANGLES =

IFS
409

8. 00

VTt xe(x) xety)

.00

1,000 0. 000 0. 0600

.00 [EGREES, TIME DURATION =

134

18(Z) NATAR
8.9 @
1,800 SEC

ATe
9. 800000

CARDS €

ADT
6. ep0noe

G
4



CJEEF LT

88 [y - VLS LI T ]

-
<4

R Ce S 3 5 2 v NN

1 NL  NBLT  NBAG  NELP NG NSO NHRNSS  NMINDF

1 ) 9 ) 9
0 FLANE INPUTS
6 PLANE NO. | EJEC PLANE

X Y Z
POINT 1 30. 0000 39,0000 -100. 0000
POINT 2 -30. 6000 30.0006  -100,0008
POINT 3 -30.0000  -30.0000 -100.0008
¢ BODY SEGMENT SYMMETRY INPUT

6N 12
§ NSYM(J) 6 @
é SPRING DAMPERS FUNCTION [NPUT

2

)

COORDINATES (F ATTACHMENT POINTS ( IN )

|

NONTF  KFORCE

) 4

SEGMENT SEGMENT M SEGMENT N SFRING FORCE FUNCTION
NO. M N X Y z X Y [9 Al A2
11 2 -11.64 6,23 -4.34 176,47 0.8 6.00 40.60  -120.000 0,000
2 1 2 -11.64 -6.81 -4.34 17647 000 0.00 40.00  -126.000 0,009
] FORCE FUNCTIONS INPUT
NO. SE6  FONI  FON2 X Y z YA PITCH
1 | | ) -9.448 116 3.488 0.000 40.7%9
2 1 -2 3 -2.539 118 16,540 0.000  77.609
g 1 4 ¢ -10.446 -2,386  -6.00é 0.600 -39,000
4 2 S o 6. 000 9.000 .000 0.9% 150,04
135

CARD D.i

CARDS D.2

CARD D.7

CARIS D.&

DAMP NG FORCE FUNCTION

KOLL

1133

Bl B2

@, v00 0.000

0.009 0.9
CARIS [.9



IFUNCTION NO.

Dé
: 0.0

. FIRST PART OF FUNCTION -

! D
5 8, 000000
1 .213000
. 214660
' . 203000
. 354000
I‘ 494000
. 685000
" 1.600006

T Th TR 4 VT

OFUNCTION NO.

Dé
0.0060

s "s v ‘s T

FIRST PART OF FUNCTION -

: D
| 0. 000000
. 199890
. . 179900
. 209080
. 204600
425000
1 . 578000
742000
755080
779080
. 500000
1560000

- - A yE Y et w Ay S = = - i-—w~ —y~. - = -

SUSTAINER ROCKET

D1
~1.6060

F(D)
0.0008
0. 0000
U, 0000
3560, 0009
5400, 6000
3150. 0608
1080, 0000
0. 0004
0. 0000

STAPAC ROCKET

D1
-1.6600

FiD)
9. 0004
0.0000
23, 4600
899, 4000
703. 1000
723.6000
452, 2004
515. 6000
445, 000
62, 0000
8. 6009
6. 0000

9 TABULAR POINTS

12 TABLLAR POINTS

NTIC 1) =

NTI( 2) =

CARDS E

CARDS E



KRN~ 3 KRt

S % N A

IFUNCTION NO.

Do
-b.2839

STAPAC PITCH VS RATE NTI{3) = S5
01 174 3 M
~6.2830 8. 0000 9. 9000 0. 606

FIRST PART (F FUNCTION - 4 TABULAR POINTS

D
-6. 263000
-1.571000
1.571000
6. 283000

SFUNCTION NO.

De
6.0000

F(D)
-. 764
-. 7854

784

7854

DROGUE GUN (N SEAT NTI( 4) = 49

D! 02 1}
-1, 6000 9. 0000 9. 6040

FIRST FART OF FUNCTION - & TABULAR POINTS

D F(D]
: 0. 600699 0. 0909

: 211000 0,000

: 217000 1756, 0000

: 216000 17560000

- 217000 9. 0004

i 1., 600000 9. 6000

>
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>